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SUMMARY 
An experimental  investigation has been conducted in the Langley 16-Foot 
Transonic Tunnel t o  de te rmine  the  e f f ec t s  o f  s eve ra l  empennage  and  afterbody param- 
eters on twin-engine  af t -end  aerodynamic  character is t ics .  Model va r i ab le s   i nc luded  
t w i n - v e r t i c a l - t a i l  c a n t  a n g l e ,  toe a n g l e ,  a i r f o i l  camber,  and  root-chord  length  and 
a f t e rbody /eng ine   i n t e r f a i r ing   shape .  Tests were conducted  over a Mach number range 
from 0.6 t o  1.2  and  over  an  angle-of-attack  range  from -2O t o  l o o .  Nozzle pressure 
ra t io  w a s  varied from 1 .O ( j e t  o f f )  t o  approximately 10.0. 
R e s u l t s  i n d i c a t e  t h a t  a f t - e n d  d r a g  is s e n s i t i v e  t o  v a r i a t i o n s  i n  t w i n - v e r t i c a l -  
t a i l  can t   ang le ,   t oe   ang le ,   and   camber .   S ign i f i can t   r educ t ions   i n   d rag   can   be  
obta ined  by s l i g h t  outward toe of t h e  v e r t i c a l  t a i l s ,  o u t w a r d  c a n t  of t h e  v e r t i c a l  
t a i l s ,  o r  ou tboa rd  p l acemen t  o f  ve r t i ca l - t a i l  camber f o r  most c o n d i t i o n s  t e s t e d .  
INTRODUCTION 
Much a t t e n t i o n  h a s  b e e n  g i v e n  i n  r e c e n t  y e a r s  t o  t h e  p r o p e r  i n t e g r a t i o n  of t h e  
propuls ion  sys tem in to  the  a i r f rames  of h igh ly  maneuverab le  f igh te r  a i r c ra f t  con f ig -  
ura t ions .   This  is e s p e c i a l l y   t r u e   w i t h   t h e   r e q u i r e m e n t   o f   m u l t i m i s s i o n   a i r c r a f t  
capable  of opera t ing  over  a broad  range  of Mach numbers, a l t i t u d e s ,  and  angles of 
a t t ack .   S ince   t hese   mu l t imi s s ion   a i r c ra f t   r equ i r e   va r i ab le   geomet ry   nozz le s   t o   p ro -  
vide high internal  nozzle  performance,  important  af t -end parameters  such as c losu re  
and loca l  boa t ta i l  angles  cont inuous ly  change  throughout  the  opera t ing  range  of Mach 
number, angle  of a t t a c k ,  and   engine   p ressure   ra t io .  Many s t u d i e s  have shown t h a t  
l a rge  d rag  pena l t i e s  can  r e su l t  from t h e  i n s t a l l a t i o n  of i s o l a t e d  n o z z l e s  i n t o  a 
r e a l i s t i c  a f t  end ( r e f s .  1 t o  1 0 )  . Much of t h i s  i n s t a l l a t i o n  d r a g  p e n a l t y  r e s u l t s  
from a d v e r s e  i n t e r a c t i o n s  o r i g i n a t i n g  from  empennage s u r f a c e s ,  b a s e  a r e a s ,  a c t u a t o r  
f a i r i n g s ,  and t a i l  booms ( r e f s .  1 1  t o   1 9 ) .  These in t e rac t ions   can  be e s p e c i a l l y  
complex  on  twin-engine i n s t a l l a t i o n s ,  which typ ica l ly  have  a more complicated flow 
f i e l d  t h a n  s i n g l e - e n g i n e  i n s t a l l a t i o n s .  
The e f f e c t s  of h o r i z o n t a l -  a n d  v e r t i c a l - t a i l  l o c a t i o n  on twin-engine aft-end 
drag  have  been  reported  in   reference 1 1 .  Adverse  mpennage i n t e r f e r e n c e  e f f e c t s  on a 
typical  twin-engine af terbody were found t o  b e  e x t r e m e l y  s i g n i f i c a n t ,  e s p e c i a l l y  i n  
the   t ransonic   speed   range .   In  some cases, nea r ly  40 percen t   o f   t he   t o t a l   a f t - end  
d r a g  c o u l d  b e  a t t r i b u t e d  t o  t a i l  in te r fe rence   d rag .   Because   o f   the   l a rge   e f fec t   o f  
empennage s u r f a c e s  on af t -end drag,  an experimental  invest igat ion has  been conducted 
i n  t h e  Langley  16-Foot  Transonic  Tunnel t o  de te rmine  the  e f f ec t s  o f  add i t iona l  empen- 
nage  and afterbody design parameters on twin-engine aft-end aerodynamic characteris-  
t ics.  Model va r i ab le s   i nc luded   tw in -ve r t i ca l - t a i l   c an t   ang le ,  toe a n g l e ,   a i r f o i l  
camber, and   roo t -chord   l ength   and   a f te rbody/engine   in te r fa i r ing   shape .  Tests w e r e  
conducted over a Mach number range from 0.6 t o  1.2 and over an angle-of-attack range 
from -2O t o  1 Oo. Nozzle  pressure r a t io  w a s  varied  from 1 .O ( j e t  o f f )  t o  
approximately 1 0.0. 
SYMBOLS 
A l l  fo rces  and moments a r e  r e f e r e n c e d  t o  t h e  
moment r e fe rence  cen te r  was loca ted  4.45 cm above 
s t a t i o n  104.24. 
s t a b i l i t y   a x i s   y s t e m .  The 
the  model c e n t e r l i n e  a t  fuse l age  
A l o c a l   c r o s s - s e c t i o n a l   a r e a ,  cm 2 
Aan 
Af u s  
Amax 
A 0  
A s e a l  
cD 
C a f t e rbody   d ragcoe f f i c i en t ,  Da/q,S 
cD, n 
‘D, t a i l s  
t o t a l  maximum c r o s s - s e c t i o n a l  a r e a  of i n t e r n a l  nozzle a t  the  nozz le  ex i t ,  
42.64 cm2 ( s e e  f i g .  1 ( b ) )  
maximum c r o s s - s e c t i o n a l  a r e a  of  model fuselage’,  317.04 cm2 
maximum c r o s s - s e c t i o n a l  a r e a  of  model fuselage/wing combination, 475.09 c m  
t o t a l  i n t e r n a l  c r o s s - s e c t i o n a l  a r e a  of outer   nozzle   exi t   opening,  49.01 cm2 
2 
( s e e  f i g .  l ( b ) )  
c ros s - sec t iona l  a r ea  enc losed  by metr ic-break  seal ,  297.21 cm2 
t o t a l   a f t - e n d   d r a g   c o e f f i c i e n t ,  D/q,S 
Dl a 
nozz le   d rag   coef f ic ien t ,  Dn/q,S 
t a i l   d r a g   c o e f f i c i e n t ,  Dtails/q,S 
ED, i a  
E ~ I  i n  
ED, it 
cL 
‘m 
C r, v t  
- 
C 
D 
Da 
Dba 1 
Dn 
D t a i  1s 
2 
increment  i n  empennage i n t e r f e r e n c e - d r a g  c o e f f i c i e n t  on a f te rbody 
(see  eq.  (6)) 
increment  i n  empennage i n t e r f e r e n c e - d r a g  c o e f f i c i e n t  on nozzles 
( see  eq .  (5 )  1 
increment i n  empennage i n t e r f e r e n c e - d r a g  c o e f f i c i e n t  on t o t a l  a f t  end 
(see  eq.  (4)) 
t o t a l   a f t - e n d   l i f t   c o e f f i c i e n t ,  L/q,S 
t o t a l  a f  t-end pitching-moment c o e f f i c i e n t  , m/q,Sc 
v e r t i c a l - t a i l  r o o t - c h o r d  l e n q t h ,  c m  
mean geometric  chord of the  support-system  wing, 44.4 cm 
t o t a l  a f t - e n d  ( a f t e r b o d y  + nozzles + t a i l s )  d r a g ,  N (see  eq.  ( 1 ) )  
af terbody drag, N (see eq.  ( 3) ) 
t o t a l  a f t - end  d rag  measured by balance,  N 
nozzle  drag  (pressure + s k i n  f r i c t i o n ) ,  N 
t a i l  drag, N 
I 
maximum diameter  a t  nozzle  connect  locat ion,  9.86 cm ( s e e  f i g .  l ( c ) )  
nozz le  throa t  d iameter ,  4.71 cm ( s e e  f i g .  1 ( c ) )  
t o t a l  measured af terbody l i f t ,  N 
model length from  nose t o  n o z z l e  e x i t ,  174.74 cm 
Mach number 
t o t a l   a f t e r b o d y   p i t c h i n g  moment re ferenced  to  c/4 i n  support-system-wing 
chord  plane,  N-m 
l oca l  p re s su re  a t  nozz le  annu la r  c l ea rance  gap ,  Pa ( s e e  f i g .  l ( b ) )  
l o c a l  s t a t i c  p r e s s u r e  e x t e r n a l  t o  the  met r ic -break  sea l ,  Pa ( s e e  f i g .  1 ( b ) )  
l o c a l  i n t e r n a l  s t a t i c  p r e s s u r e ,  Pa ( s e e  f i g .  l ( b ) )  
j e t  t o t a l  p r e s s u r e ,  Pa 
f r e e - s t r e a m  s t a t i c  p r e s s u r e ,  Pa 
free-stream dynamic pressure ,  Pa 
r ad ius ,  cm 
maximum rad ius   a t   nozz le   connec t   s t a t ion ,   dmax /2 ,  c m  
support-system-wing reference area,  4286 cm 2 
a i r f o i l  t h i c k n e s s  r a t i o  ( r a t i o  of l o c a l  maximum th ickness  to  loca l  chord)  
a x i a l  d i s t a n c e  from  model n o s e  ( p o s i t i v e  a f t ) ,  cm 
h o r i z o n t a l  d i s t a n c e  from  model c e n t e r l i n e ,  BL 0.0 ( p o s i t i v e  t o  r i g h t ,  
looking upstream) , c m  
v e r t i c a l  d i s t a n c e  from  model c e n t e r l i n e ,  WL 0.0 ( p o s i t i v e  u p ) ,  cm 
af te rbody angle  of a t t a c k ,  deg 
mer id ian  angle  about  nozz le  ax is  ( see  f ig .  l (c )  1, deg 
v e r t i c a l - t a i l   c a n t   a n g l e   ( p o s i t i v e   o u t b o a r d ,   s e e   f i g .  l ( e ) ) ,  deg 
v e r t i c a l - t a i l  t o e  a n g l e  ( p o s i t i v e  l e a d i n g  e d g e  o u t ,  s e e  f i g .  1 ( e )  1, deg 
Abbreviat ions : 
BL b u t t  l i n e  
Cam. In.  camber inboard 
Cam. Out. camber outboard 
3 
FS f u s e l a g e   t a t i o n  
fwd forward 
L H  l e f t  hand 
NPR r a t i o  of j e t  t o t a l   p r e s s u r e   t o   f r e e - s t r e a m  s t a t i c  p res su re ,  pt, j/pa 
RH r i g h t  hand 
Sym. symmetrical 
WL water l i n e  
APPARATUS AND PROCEDURE 
Test Faci li t y  
Th i s  expe r imen ta l  i nves t iga t ion  was conducted i n  t h e  TLangley 16-Foot  Transonic 
Tunnel. The tunnel  is a cont inuous- f low,   s ing le- re turn ,   a tmospher ic  wind tunne l   w i th  
a s l o t t e d  o c t a q o n a l  t h r o a t  a n d  tes t  sect ion  and  cont inuous a i r  exchange. The. t unne l  
has  a variable  speed  range  from M = 0.2 t o  M = 1.3. Addi t iona l   in format ion  
r ega rd ing  tunne l  desc r ip t ion  and  ca l ib ra t ion  i s  p r e s e n t e d  i n  r e f e r e n c e  20. 
Model and Support System 
Details of the  twin-engine t a i l  i n t e r f e r e n c e  a f t e r b o d y  model  and  wing-tip- 
mounted suppor t  sys t em used  in  th i s  i nves t iga t ion  are p r e s e n t e d  i n  f i g u r e  1 ,  and 
photographs of t h e  model and support  system installed in the Langley 16-Foot 
Transonic  Tunnel are shown i n  f i g u r e  2. 
The wing-tip-mounted model support system shown i n  f i g u r e  1 ( a )  cons i s t ed  of 
three  major   port ions:   the   twin  support  booms, the  forebody  (nose),   and  the  wing/ 
centerbody.  These  pieces made up the   nonmet r i c   po r t ion   ( t ha t   po r t ion  of t h e  model 
n o t  mounted on the   fo rce   ba l ance )  of the  twin-engine t a i l  i n t e r f e r e n c e  model. The 
centerbody fuse lage  w a s  e s s e n t i a l l y  r e c t a n g u l a r  i n  c r o s s  s e c t i o n  and  had a c o n s t a n t  
width  and  height  of 25.40 cm and  12.70 c m ,  r e s p e c t i v e l y .  The fou r   co rne r s  were 
rounded by a rad ius   o f  2.54 cm. Maximum c r o s s - s e c t i o n a l  a r e a  of the  centerbody 
( f u s e l a g e )  was 317.04 c m  . The support-system  forebody  (or   nose)  was t y p i c a l  of a 
powered  model i n  t h a t  t h e  i n l e t s  were f a i r ed   ove r .  The "wings"  of  the  support  system 
were mounted  above t h e  model c e n t e r l i n e  o r  i n  a "high  wing"  posit ion,   which is  typ- 
i c a l  of many c u r r e n t  f i g h t e r  d e s i g n s .  The support  system  wing  had a leading-edge 
sweep  of 45O, a t a p e r  r a t i o  of 0.5,  a n  a s p e c t  r a t i o  o f  2.4, 'and a c r a n k e d  t r a i l i n g  
edge. The a i r f o i l  was symmetrical, and t h e   t h i c k n e s s   r a t i o   n e a r   t h e  wing fuse l age  
j u n c t i o n  a t  RL 12.70 was t y p i c a l   o f   c u r r e n t   f i g h t e r   d e s i g n s  ( t / c  = 0.067). From 
BL 27.94 t o  t h e  s u p p o r t  booms, w ing   t h i ckness   r a t io   i nc reased  from t/c = 0.077 
t o  t /c  = 0.10 t o   p r o v i d e   s t r u c t u r a l   s u p p o r t   f o r   t h e  model  and t o   p e r m i t   t r a n s f e r  of 
compressed a i r  from t h e  booms t o  t h e  model propuls ion system. 
2 
The twin-engine a f t  end shown i n  f i g u r e  l ( b )  w a s  a t t a c h e d  to the  support-system 
wing/centerbody by mounting on a six-component  strain-gage  balance as shown. The 
combined fo rces  and moments f o r  t h e  a f t e r b o d y  s h e l l ,  empennage su r faces ,  and  ou te r  
nozz les  were measured by the balance and are termed t o t a l  af t -end forces  and moments 
4 
i n  this paper. Note t h a t  t h e  model p ropu l s ion   sys t em  ( th rus t )   fo rces  and moments 
were no t  measured by the  ba lance ,  as the  propuls ion  sys tem w a s  a n  i n t e g r a l  p a r t  o f  
t h e  model support   system.  Clearance w a s  provided  between  the metric and  nonmetric 
po r t ions  of t he  model. The a f t e r b o d y  l i n e s  were chosen  to  be  typ ica l  of c u r r e n t  
c lose-spaced  twin-engine  f igh ter  des igns  and  to  fa i r  the  a f te rbody smooth ly  from the  
c o n s t a n t   c r o s s   s e c t i o n  of the  centerbody down to   t he   nozz le s .   In   add i t ion ,   t he  
a f te rbody w a s  r equ i r ed  to  house  the  a f t e rbody  ba lance ,  p ropu l s ion  s imula t ion  sys tem,  
and r e l a t ed  in s t rumen ta t ion .  
A ske tch  of the   ax isymmetr ic   nozz le   t es ted  i s  shown i n  f i g u r e  l ( c ) .  The nozzle 
conf igu ra t ion  s imula t e s  a convergent -d ivergent  nozz le  des ign  wi th  fu l ly  var iab le  
t h r o a t  area and  expans ion  ra t io  cont ro l .  The n o z z l e  t h r o a t  area represented  maximum 
nonaugmented (dry  power)   nozzle   operat ion.  The nozz les  were s i z e d  t o  be c o n s i s t e n t  
with  advanced  mixed-flow  turbine  engine  cycles  (ref.  2 1 ) .  As shown i n   t h e   s k e t c h ,  
the nozzle  consis ted of  both an inner  and an ou te r  model par t .  The outer  nozz le  
a t t a c h e d  d i r e c t l y  t o  t h e  a f t e r b o d y .  Note tha t  t he  inne r  and  ou te r  nozz le s  were sep- 
a r a t e d  by a nominal 0.19-cm clearance gap to  prevent  foul ing (or  grounding)  between 
t h e  metric a f t  end and the nonmetr ic  internal  propuls ion system. 
The af terbody had provis ions for  mounting both the twin ver t ical  t a i l s  and  the  
h o r i z o n t a l  ta i ls  i n  t h r e e  a x i a l  l o c a t i o n s  as i l l u s t r a t e d  i n  f i g u r e  l ( d ) .  The e f f e c t s  
of  empennage l o c a t i o n  on t h i s  model have  been  reported  in   reference 1 1 .  Note t h a t  
t he  l ead ing  edge  o f  t he  roo t  chords  fo r  bo th  ho r i zon ta l  and  ve r t i ca l  ta i ls  could  be 
loca ted  a t  FS 127.00, FS 136.68, o r  FS 145.57. These l o c a t i o n s  w i l l  be  termed  fwd, 
mid,  and a f t ,   r e s p e c t i v e l y ,   t h r o u g h o u t   t h e   r e p o r t .  The h o r i z o n t a l  t a i l  w a s  no t  
t e s t e d  a t  t h e  mid p o s i t i o n .  A t  t he  fwd and mid v e r t i c a l - t a i l  l o c a t i o n s ,  t a i l  
b r a c k e t s  p r o v i d e d  t h e  a b i l i t y  t o  e i t h e r  c a n t  o r  t o e  t h e  s h o r t - c h o r d  t w i n  v e r t i c a l  
ta i ls .  Cant  angles of -1 Oo, Oo, 1 Oo, and 20° (outboard   can t   pos i t ive)   and   toe   angles  
of - 2 O ,  Oo, 2 O ,  and 4 O  ( l ead ing   edge   ou t   pos i t i ve )  w e r e  t e s t e d  as shown i n  f i g -  
ure  1 ( e ) .  The toe-angle  brackets  w e r e  d e s i g n e d  t o  a l l o w  t h e  v e r t i c a l  ta i ls  t o  r o t a t e  
about  the midpoint  of t he  roo t  chord .  
Sketches of t h e  v e r t i c a l  a n d  h o r i z o n t a l  t a i l s  are shown i n  f i g u r e s  l ( f ) ,  l ( g ) ,  
and l ( h ) .  These t a i l s  w e r e  s i z e d  t o  be r e p r e s e n t a t i v e  (as  w e r e  the   af terbody  and 
nozz le s )  of c u r r e n t   t w i n - e n g i n e   f i g h t e r   a i r c r a f t   d e s i g n s .   T h r e e   d i f f e r e n t   v e r t i c a l -  
t a i l  conf igu ra t ions  were tes ted :  the  shor t - root -chord  t a i l  with a symmetrical a i r f o i l  
s e c t i o n  ( f i g .  1 ( f )  ) ,  the  shor t - root -chord  t a i l  with a cambered a i r f o i l  s e c t i o n  
( f i g .  l ( f ) ) ,  and the  long-root-chord t a i l  with a symmetrical a i r f o i l  s e c t i o n  
( f i g .  l ( g ) ) .  P l a n f o r m  area and t a i l  span were h e l d  c o n s t a n t  f o r  a l l  t h e  v e r t i c a l -  
t a i l  conf igu ra t ions .  A ske tch  of t h e   h o r i z o n t a l  t a i l  i s  found i n  f i g u r e  l ( h ) .  As 
i n d i c a t e d  i n  e a c h  of t h e  t a i l  s k e t c h e s ,  i n d i v i d u a l  r o o t  f a i r i n g s  ( f i l l e r s )  c o n t o u r e d  
the  t a i l s  to  the  a f  t e rbody  a t  each t a i l  loca t ion .  
Sketches of t h e  s i d e  v i e w  p r o f i l e s  and af te rbody cross  sec t ion  contours  of both 
the  basic a n d  a l t e r n a t e  i n t e r f a i r i n g s  are shown i n  f i g u r e s  I ( i )  and l ( j ) ,  respec- 
t i v e l y .  As i n d i c a t e d  i n  f i g u r e   l ( j ) ,   c o n t o u r s   o u t b o a r d   o f   t h e   n o z z l e   v e r t i c a l   c e n t e r  
p lanes  were i d e n t i c a l  f o r  a l l  a f t e r b o d i e s  t e s t e d .  
Normal c r o s s - s e c t i o n a l  area d i s t r i b u t i o n s  f o r  v a r i o u s  c o n f i g u r a t i o n  components 
are p r e s e n t e d  i n  f i g u r e  3. Note tha t  t he  inc remen ta l  area d i s t r i b u t i o n s  are provided 
f o r  t h e  v a r i o u s  i n d i v i d u a l  components  such as f o r  t w i n - v e r t i c a l - t a i l  l o c a t i o n  i n  
f igu res  3 (  a)  and 3 (  b )  , h o r i z o n t a l - t a i l   l o c a t i o n   i n   f i g u r e  3 (  c )  , and i n t e r f a i r i n g  
shape i n  f i g u r e  3 ( d ) .  I n  o r d e r  t o  d e t e r m i n e  t h e  area d i s t r i b u t i o n  of a complete 
conf igura t ion  ( for  example ,  forward  twin  ver t ica l  t a i l s  and a f t  h o r i z o n t a l  t a i l s  used 
w i t h  a l t e r n a t e  i n t e r f a i r i n g )  , t a i l  area increments a t  t h e i r   r e s p e c t i v e  X/I loca- 
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t i o n s  f o r  t h e  i n d i v i d u a l  t a i l  components  must be added o n t o  t h e  appropriate 
fuselage/wing area d i s t r ibu t ion  (wh ich  is  represented  by t h e  s o l i d  l i n e  i n  f i g .  3 ) .  
Ins t rumenta t ion  
External  aerodynamic forces  and moments on t h e  model a f t  end (af terbody,  empen- 
nage  sur faces ,  and  outer  nozz les )  were measured with a six-component strain-gage 
balance.  Forces  and moments on the  propuls ion  s imula t ion  sys tem were not  measured. 
E i g h t   e x t e r n a l - s e a l   s t a t i c - p r e s s u r e  orifices,  denoted pes i n   f i g u r e  ~ ( b ) ,  were 
loca ted  in  the  me t r i c -b reak  seal area between  the  centerbody  and  af terbody.   In   addi-  
t i o n ,  t w o  i n t e r n a l  p r e s s u r e  o r i f i c e s  pin l o c a t e d  i n  t h e  model c a v i t y   a n d   e i g h t  
p r e s s u r e  o r i f i c e s  pan loca ted   in   the   annular   gap   be tween  the   inner   and   ou ter   noz-  
z l e s  were used to  m e a s u r e  i n t e r n a l  p r e s s u r e s  i n  t h e  model.  These pressures ,   a long  
with corresponding areas, were used to  correct  the balance measurements .  
Each i n t e r n a l  n o z z l e  w a s  instrumented with t w o  t o t a l - p r e s s u r e  probe rakes  
located 180° apart and  s taggered to  prevent   appreciable   f low  blockage.  Each r ake  
conta ined  t w o  t o t a l - p r e s s u r e  probes as shown i n  f i g u r e  l ( c ) .  An a d d i t i o n a l  probe w a s  
located in  each  nozz le  and  conta ined  a thermocouple,  which w a s  used €or the measure- 
ment  of t o t a l  temperature .  
Each outer  nozz le  had  three  rows of e x t e r n a l  p r e s s u r e  o r i f i c e s  ( w i t h  f i v e  p r e s -  
s u r e  o r i f i c e s  i n  e a c h  row) f o r  measurement  of e x t e r n a l  p r e s s u r e  d i s t r i b u t i o n  o n  t h e  
nozzles .  A t a b l e   c o n t a i n i n g   t h e   o r i f i c e   l o c a t i o n s   o f   t h e  30 s ta t ic  taps on t h e  noz- 
z l e s  can  be  found i n  f i g u r e  1 ( c ) .  All o r i f i c e s  are shown on the  le f t -hand  nozz le  for  
s implici ty .   Stat ic-pressure  measurements   f rom  these taps were used i n  a p re s su re -  
area in t eg ra t ion  ove r  t he  nozz le  su r face  t o  ob ta in  nozz le  p re s su re  d raq .  
Tests 
Data were ob ta ined  in  the  Lang ley  16-Foot Transonic Tunnel a t  Mach numbers  from 
0.6 t o  1.2.  Angle  of a t t a c k  was va r i ed  from -2O t o  1 O o ,  and  the  nozzle   pressure 
r a t i o  ( r a t i o  of j e t  t o t a l  p re s su re  to  free-s t ream s t a t i c  pressure) ranged from 1.0 
( j e t  o f f )  t o  approximately 10.0.  Reynolds number based  on  the mean geometr ic   chord 
of the support-system wing varied from approximately 4.4 x l o6  t o  6.1 x 10 6 . 
A l l  con f igu ra t ions  were tested wi th  f ixed  boundary - l aye r  t r ans i t i on  s t r ip s  on 
the  model  nose  and  wings  and  on  the  afterbody  empennage  surfaces. A 0.254-cm-wide 
str ip of No.  120 s i l i c o n  c a r b i d e  grit was loca ted  5.08 c m  from the nose of the  fo re -  
body  and i n  a s t r a i g h t  l i n e  a l o n g  t h e  wing span from 5 p e r c e n t  of t h e  root chord t o  
10   percent   o f   the  t i p  chord.   Transi t ion strips 0.254 c m  wide  of No. 120 s i l i c o n  
carbide g r i t  were located 1.27 cm a f t  of  the leading edge of t h e  ver t ical  and hori-  
z o n t a l  tai ls .  The p r o c e d u r e  u s e d  f o r  s e l e c t i n g  g r i t  s i z e  a n d  l o c a t i o n  c a n  be found 
i n  r e f e r e n c e  22. 
Data Acquis i t ion and Procedure 
D a t a  f o r  b o t h  model and wind-tunnel tes t  in s t rumen ta t ion  were recorded on mag- 
n e t i c  tape. A t  each tes t  po in t ,  50 samples of data were recorded  over  a 5-sec 
per iod .  The samples were averaged,  and  the  averaged  values were used for  a l l  
computations.  
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Tota l  a f t -end  drag  w a s  measu red  d i r ec t ly  from the six-component strain-gage 
ba lance  but  w a s  cor rec ted  for  var ious  pressure-area  terms. Tota l  a f t -end  drag  w a s  
computed  from the  fo l lowing  equat ion:  
The f i r s t  two pressure-area terms cor rec t  fo r  fo rces  measu red  by the  balance.  The 
last term i n  e q u a t i o n  ( 1 )  is an  ex terna l  base  pressure  drag  not  ac tua l ly  measured  by  
the  ba l ance  bu t  which  has  been  charged to  a f t - end  d rag  th roughou t  t h i s  r epor t .  U s e  
of this las t  term w a s  t o  p a r t i a l l y  a c c o u n t  f o r  t h e  a d d i t i o n a l  n o z z l e  b o a t t a i l  d r a g  
t h a t  would have been measured had a more realist ic n o z z l e  b o a t t a i l  e x i s t e d  where  no 
c learance  be tween the  in te rna l  and  ex terna l  nozz le  w a s  requi red .  
Nozzle  drag Dn w a s  ob ta ined  by add ing  nozz le  p re s su re  d rag  to  a computed  noz- 
z l e  sk in - f r i c t ion  d rag .  Nozz le  p re s su re  d rag  w a s  determined by in t eg ra t ion  o f  nozz le  
p re s su re   d i s t r ibu t ions   ove r   t he   nozz le   su r f ace  area. Nozzle   sk in- f r ic t ion   d rag  w a s  
computed using the method of  Frank1 and Voishel  for  compressible ,  turbulent  f low on a 
f l a t  p la te ,  as d e s c r i b e d  i n  r e f e r e n c e  23. 
ver t ical-  and   ho r i zon ta l - t a i l   d rag  Dtails w a s  d e f i n e d   t o  be the  sum of  orm 
d r a g  p l u s  s k i n - f r i c t i o n  d r a g  f o r  M < 0.9, and  the sum of wave drag  p lus  sk in-  
f r i c t i o n  d r a g  f o r  M > 1.0. Skin- f r ic t ion   d rag   and  wave drag  were computed us ing  
methods  of r e fe rences  23 and 24. The subson ic   fo rm  f ac to r s   fo r   t he  t a i l s  were 
obtained from empirical c o r r e l a t i o n s  of unpublished NASA d a t a  and w e r e  c a l c u l a t e d  
using the equat ion 
The ind iv idua l  roo t  f a i r ings  r equ i r ed  fo r  each  t a i l  l o c a t i o n  were a l s o  i n c l u d e d  i n  
the  sk in - f r i c t ion  and  wave d rag  ca l cu la t ions .  Using  previously  determined  drag com- 
ponents ,   af terbody  drag Da w a s  ob ta ined  from the   fo l lowing   equat ion:  
The t a i l  i n t e r f e r e n c e  terms used i n  t h i s  r e p o r t  are cons is ten t  wi th  those  used  
i n  r e f e r e n c e s  1 1  and 15. The i n c r e m e n t   i n  empennage i n t e r f e r e n c e - d r a g   c o e f f i c i e n t  on 
t h e  t o t a l  a f t  e n d  w a s  determined from 
where (CD)tails on is the   measured   to ta l   a f t -end   drag  for a g iven   conf igura t ion ;  
(CD)ta+ls off i s  the  measured  af t -end  drag  for   the same af terbody/nozzle   configura-  
t i o n   w l t h   t h e  t a i l s  removed;  and %,tails is t h e  computed  value  of tail drag  as 
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discussed   prev ious ly .  Hence t h i s  t o t a l  t a i l  in t e r f e rence   i nc remen t   i nc ludes   t he  
i n t e r f e r e n c e  e f f e c t s  of  one  empennage s u r f a c e  on ano the r ,  of the  a f t e rbody /nozz le s  on 
t h e  empennage surfaces ,   and  of  empennage s u r f a c e s  on the   a f te rbody/nozz les .  It also 
inc ludes  drag  increments  assoc ia ted  wi th  misa l ignment  of  the  empennage s u r f a c e s  w i t h  
the   a f t e rbody   f l ow  f i e ld .  The i n c r e m e n t  i n  empennage i n t e r f e r e n c e - d r a g  c o e f f i c i e n t  
on the  nozz les  a lone  w a s  found from the  fo l lowing  equa t ion :  
ED,in - (‘D,n) ta i ls  on - (‘D,n)tails  off - 
where the  nozz le  d rag  coe f f i c i en t s  are i n t e g r a t e d  p r e s s u r e  d i s t r i b u t i o n s  over t h e  
nozz le   su r f ace .  This empennage in t e r f e rence   i nc remen t ,   t hen ,  is t h e   r e s u l t  of 
changes i n  n o z z l e  p r e s s u r e  d i s t r i b u t i o n  r e s u l t i n g  f r o m  a d d i n g  empennage s u r f a c e s  t o  
an   a f te rbody/nozz le   conf igura t ion .  The i n c r e m e n t   i n  empennage in te r fe rence-drag  
c o e f f i c i e n t  on the  a f  te rbody a lone  w a s  then def ined t o  be the  d i f f e rence  be tween  the  
empennage in te r fe rence  increments  on t h e  t o t a l  a f t  end and on the nozzles alone, or 
I n  a n  e f f o r t  to  avoid errors associated wi th  computa t ion  of  l i f t - induced  drag  on t h e  
ho r i zon ta l - t a i l   su r f aces ,   a f t e rbody ,   and   nozz le s ,   t hese   i n t e r f e rence  terms w e r e  com- 
p u t e d  o n l y  a t  a n  a n g l e  of a t t ack  o f  Oo. 
RESULTS AND DISCUSSION 
Basic Data 
The basic d a t a  o b t a i n e d  d u r i n g  t h i s  i n v e s t i g a t i o n  are indexed i n  table I. The 
f o r c e  and moment d a t a  l i s t e d  i n  c o e f f i c i e n t  form are found i n  t a b l e s  I1 t o  V. A l l  
t abu la t ed  fo rce  and  moment c o e f f i c i e n t  d a t a  are presented  wi th  the  cor responding  Mach 
number M, a f t e rbody   ang le   o f   a t t ack  a, and   nozz le   p re s su re   r a t io  NPR ( r a t i o   o f  
averaged j e t  t o t a l  p r e s s u r e  to  free-stream s ta t ic  p r e s s u r e ) .  
Data Comparisons 
I n  a n  e f f o r t  t o  s impl i fy  the  ana lys i s ,  da ta  have  been  cross -p lo t ted  a t  selected 
values   of   nozzle   pressure r a t io  ( N P R ) .  Figure 4 p r e s e n t s  the t y p i c a l  v a r i a t i o n  i n  
turbofan-engine  nozzle   pressure r a t io  with Mach number u s e d  f o r  t h i s  a n a l y s i s .  While 
d i scuss ion  of the r e s u l t s  is based  on t h i s  p a r t i c u l a r  s c h e d u l e  of NPR as a f u n c t i o n  
of Mach number, it would a l s o  be g e n e r a l l y  t r u e  for o ther   schedules .  However, t h e  
magnitude of  the differences between configurat ion drag coeff ic ients  might  vary 
s l i g h t l y .  
Configuration  comparisons are p r e s e n t e d   i n   f i g u r e s  5 t o  21. In  par t  ( a )  of  each 
f i g u r e ,  t h e  to ta l  aft-end drag and l i f t  c h a r a c t e r i s t i c s  are p l o t t e d  a g a i n s t  Mach 
number f o r  two values   of   af terbody  angle   of   a t tack,  Oo and 8O. The dashed-curve 
f a i r ings   found   fo r  a l l  d a t a  a t  a = 8 O  i n d i c a t e  t h a t  t h e  a c t u a l  f a i r i n g  would prob- 
a b l y  d i f f e r  had data  been acquired a t  in t e rmed ia t e  Mach numbers (0.6 < M < 0.9) .  
P r e s e n t e d  i n  par t  (b )  of each of these figures are the  ind iv idua l  a f t - end  d rag  coe f -  
f i c i e n t  components   (nozz le   d rag   coef f ic ien t  C D I n ,  computed t a i l  d r a g  c o e f f i c i e n t  
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c o e f f i c i e n t  i n c r e m e n t s  ( t a i l  i n t e r f e rence  inc remen t  on t h e  t o t a l  a f t - e n d  
t a i l  in te r fe rence   increment  on the  nozzles   and t a i l  in te r fe rence   increment  
on the af te rbody I I C ~ , ~ ~ ) .  The component d r a g   c o e f f i c i e n t s  and i n t e r f e r e n c e   i n c r e -  
ments are presented only a t  an af terbody angle  of a t t a c k  of approximately Oo . Note 
that  values  of in te r fe rence  increments  less t h a n  z e r o  i n d i c a t e  f a v o r a b l e  i n t e r f e r -  
ence ,  and  va lues  grea te r  than  zero  ind ica te  unfavorable  in te r fe rence .  
and   a f t e rbody   d rag   coe f f i c i en t  C ) and  the t a i l  interference-drag-  
D, a 
"D, it' 
The base l ine  a f t - end  conf igu ra t ion  cons i s t ed  o f  t he  a f t e rbody  wi th  d ry  power 
nozz le s ,  bas i c  eng ine  in t e r f a i r ing ,  and  shor t - roo t - chord  tw in  ve r t i ca l  t a i l s  with 
symmetrical airfoi ls .   Unless   otherwise  noted,   data   comparisons were made f o r  t h i s  
base l ine  conf igu ra t ion .  
Twin-ver t ica l - ta i l  toe  angle . -  The e f f e c t s  of tw in -ve r t i ca l - t a i l  t oe  ang le  on 
t o t a l  a f t - e n d  l i f t  and  drag  coef f ic ien ts ,  ind iv idua l  drag-coef f ic ien t  components ,  and  
t a i l  interference-drag  increments  are p r e s e n t e d  i n  f i g u r e s  5 t o  7. A summary of the  
e f f e c t s  of t oe -ang le  va r i a t ion  on t o t a l  a f t - e n d  d r a g  is shown i n  f i g u r e  22. 
Examinat ion  of  the  drag  da ta  presented  in  f igure  22 shows t h a t  t h e  v e r t i c a l - t a i l  
toe  angle  for  lowes t  drag  i s  a func t ion  of Mach number, angle  of a t t a c k ,  a n d  t o  a 
lesser e x t e n t ,  empennage loca t ion .  A t  subsonic  speeds  and a = Oo, (I,t = 2' t o e   o u t  
of the v e r t l c a l  t a i l s  provided the lowest  values  of  af t -end drag for  a l l  config-  
u ra t ions   t e s t ed .   Apparen t ly   t he   ve r t i ca l  t a i l s  with a toe-out   angle  of 2 O  a r e  more 
near ly  a l igned  wi th  the af   terbody  f low  f ie ld .  As t he  toe  ang le  i s  decreased  (from 
2 O ) ,  i t i s  be l i eved  tha t  t he  f low is acce lera ted  over  the  inboard  sur face  of t h e  
ta i ls  and r e s u l t s  i n  a c c e l e r a t e d  f l o w  o v e r  much of the af terbody region between the 
t a i l s  (see r e f s .  12 and  25). As a r e s u l t ,   a f t e r b o d y   p r e s s u r e s  are reduced on t h e  
upper   sur face .   This   reduced   pressure   resu l t s   in   increased   drag   as  w e l l  as increased  
l i f t  ( f i g s .  5 t o  7 ) .  In   add i t ion ,   d rag  on t h e   i n d i v i d u a l   v e r t i c a l  ta i ls  is  inc reased  
because the t a i l s  are e f f e c t i v e l y  a t  an angle of i n c i d e n c e  w i t h  r e s p e c t  t o  t h e  a f t e r -  
body f low  f ie ld .   Converse ly ,   an   increase  of t h e   t o e   a n g l e   t o  Gt = 4 O  would t e n d   t o  
dece lera te   the   f low  inboard  of t h e  t a i l s .  Again t h e  v e r t i c a l - t a i l  d r a g  would be 
inc reased   (ove r   t he  (I, = 2 O  case) because of the   angle  of i n c i d e n c e   t o   t h e   a f t e r -  
body f low  f i e ld .  The n e t  r e s u l t  as s e e n  i n  f i g u r e s  22 and 5 t o  7 fo r   t he   i nc reased  
toe  angle  w a s  an  ove ra l l  i nc rease  in  the  a f t - end  d rag  and  a d e c r e a s e  i n  l i f t  when 
compared wi th   the  (I, = 2 O  toe-out case. Data a t  low supersonic   speeds ( M  = 1 . 2 )  
and a = Oo i n d i c a t e   t h a t  optimum toe  angle  probably  occurs  between Oo and 2 O ,  
depending upon  empennage loca t ion .  
t 
t 
A s  angle  of a t t a c k  i s  i n c r e a s e d   t o  8O, t h e   d a t a  a t  M = 0.9 ( s o l i d  symbols i n  
f i g .  22)  show t h a t   t h e  (I, = 4O t oe -ou t   con f igu ra t ion   r e su l t ed   i n   t he   l owes t   d rag .  
T h i s  d e c r e a s e  i n  d r a g  d u e  t o  i n c r e a s e d  t o e  a n g l e  is b e l i e v e d  t o  r e s u l t  from increased 
a n g u l a r i t y  of t h e  f l o w  f i e l d  r e l a t i v e  t o  t h e  model a x i s  caused by flow  from  the  lower 
to  the  upper  sur face  of  the  a f  te rbody.  
t 
The t a i l  in te r fe rence-drag-coef f ic ien t   increments  on t h e  t o t a l  a f t - e n d  acD,it, 
found on p a r t  ( b )  of f i g u r e s  5 t o  7 ,  are seen  to  inc rease  wi th  inc reas ing  subson ic  
Mach number and  decrease  with  increasing  supersonic  Mach number. This   t rend w a s  con- 
s i s t e n t  f o r  a l l  conf igu ra t ions   t e s t ed .  The importance of t h i s  t r e n d  c a n  be i l l u s -  
t r a t e d  by comparisons  of  the t a i l  i n t e r f e r e n c e  on t h e  t o t a l  a f t - e n d  ACD, it wi th  the  
t o t a l   a f t - e n d   d r a g  CD f o r   t h e  Qt = 0' case p r e s e n t e d   i n   f i g u r e  5. A t  M = 0.9, 
t h e  t a i l  in te r fe rence-drag-coef f ic ien t  increment  on t h e  t o t a l  a f t - e n d  
is  0.0032, a n d  t h e  t o t a l  a f t - e n d  d r a g  c o e f f i c i e n t  i s  0.0086. J u s t  o v e r  37 pe rcen t  
of the t o t a l  a f t - e n d  d r a g  c a n  b e  a t t r i b u t e d  t o  t a i l  in te r fe rence .   Converse ly ,  a t  
M = 0.6 and M = 1.2, t he   i n t e r f e rence   i nc remen t  w a s  a small, favorable  one. T a i l  
acD, i t  
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i n t e r f e r e n c e  e f f e c t s  on d rag  w e r e  measured throughout the Mach number r ange  t e s t ed  
and genera l ly  provided  a s ign i f i can t  pe rcen tage  o f  t o t a l  a f t - end  drag i n  t h e  t r a n -  
sonic  speed  range. A similar r e s u l t  h a s  b e e n  r e p o r t e d  i n  r e f e r e n c e  15 f o r  s i n g l e -  
engine   conf igura t ions .  As would be  expected  from  the earlier d i s c u s s i o n  o f  t o t a l  
af t -end drag,  the t a i l  interference-drag increments  were r e l a t i v e l y  small f o r  t h e  
(I, = 2 O  toe-out   conf igura t ions .  
t 
It i s  obvious from the da ta  p re sen ted  that a f t -end  drag  is e x t r e m e l y  s e n s i t i v e  
t o  v e r t i c a l - t a i l  t o e  a n g l e  as evidenced by t h e  l a r g e  d r a g  p e n a l t i e s  r e s u l t i n g  f r o m  
nonopt imized toe-angle  set t ings (f  ig .  22)  . As is always the case w i t h  a i r c r a f t  
design,  compromises  must be made. For the   a f te rbody  conf igura t ion   and  tes t  condi- 
t i ons   p re sen ted ,  (I,t = 2 O  t o e   o u t   p r o b a b l y   o f f e r s   t h e   b e s t  compromise f o r  improved 
airplane  performance  throughout  a complete  mission. It  must  be  cautioned,  however, 
t h a t  optimum toe  ang le  is probably highly dependent on the forebody f low f i e l d ,  and 
as a r e s u l t  would be a func t ion  of forebody, wing/strake/canard,  and afterbody shape 
ahead of t he  ta i ls .  
Twin-ver t ica l - ta i l  c a n t  angle.-  -~ The e f f e c t s  of tw in -ve r t i ca l - t a i l   c an t   ang le  on 
t o t a l  a f t - e n d  l i f t  a n d  d r a g  c o e f f i c i e n t s ,  i n d i v i d u a l  d r a g  c o e f f i c i e n t  c o m p o n e n t s ,  a n d  
t a i l  in te r fe rence-drag-coef f ic ien t   increments  are p r e s e n t e d   i n   f i g u r e s  8 and 9. A 
summary of t h e  e f f e c t s  of can t - ang le  va r i a t ion  on  to t a l  a f t - end  d rag  is shown i n  
f i g u r e  23. 
AS w a s  t he  case f o r  t o e  a n g l e ,  v e r t i c a l - t a i l  c a n t - a n g l e  e f f e c t s  on af t -end drag 
were dependent upon Mach number, angle   of   a t tack,   and empennage loca t ion .  Examina- 
t i o n  of summary f i g u r e  23 i n d i c a t e s  t h a t ,  f o r  a n  a n g l e  of a t t a c k  of Oo, t h e  c a n t  
pos i t ion   o f  20° general ly   produced  the  lowest   drag.  A t  a = 8 O ,  however,  lowest  drag 
r e s u l t e d  from can t   ang le s  of - I O o  t o  Oo. In   gene ra l   fo r   t he   con f igu ra t ions   t e s t ed ,  
cant-angle  var ia t ion did not  have as la rge  an  impact on af t -end drag as toe-angle 
v a r i a t i o n ,  b u t  s i g n i f i c a n t  r e d u c t i o n s  i n  d r a g  c o u l d  b e  o b t a i n e d  by outward cant  of 
t he   tw in   ve r t i ca l  t a i l s  a t  a = Oo. In f ac t ,  as s e e n   i n   f i g u r e s  8 ( b )  a n d   9 ( b ) ,  a 
p o s i t i v e  c a n t  a n g l e  ( 1  Oo o r  Z O O )  r esu l ted  i n  f a v o r a b l e  ( n e g a t i v e )  t o t a l  a f t - e n d  
empennage interference-drag increments  
The r e a s o n s  f o r  t h e s e  d r a g  improvements are not  understood.  
acDl it over much of  the Mach r ange  t e s t ed .  
E f fec t s  of v e r t i c a l - t a i l  c a n t  on l i f t  c o e f f i c i e n t  ( f i g s .  8 ( a )  and 9 ( a ) )  were 
r e l a t i v e l y  small f o r  a = Oo. As af te rbody  angle  of a t tack  increased,   outward  twin-  
v e r t i c a l - t a i l  c a n t  r e s u l t e d  i n  s i g n i f i c a n t  i n c r e a s e s  i n  l i f t  as might he expected, 
s i n c e  o u t w a r d  c a n t  r e s u l t s  i n  a component of l i f t  b e i n g  d i r e c t e d  n o r m a l  t o  t h e  a f te r -  
body ax i s .  
Twin -ve r t i ca l - t a i l  camber.- The e f fec ts  of  camber ing  the t w i n  v e r t i c a l  t a i l s  
(and varying the locat ion of t h a t  camber) on t o t a l  a f t - e n d  l i f t  and  drag  coef f i -  
c i e n t s ,  i n d i v i d u a l  d r a g - c o e f f i c i e n t  components,  and t a i l  interference-drag increments  
are p r e s e n t e d  i n  f i g u r e s  10 t o  15. A summary of the   e f fec ts   o f   camber ing   the   ver -  
t i ca l  tails on t o t a l  a f t - e n d  d r a g  is shown i n  figure 24. Data are presented  for  bo th  
symmetrical and  cambered t w i n - v e r t i c a l - t a i l   a i r f o i l s .  The camber-inboard  designation 
i n d i c a t e s  t h a t  t h e  mean camber l i n e  o f  e a c h  v e r t i c a l - t a i l  a i r f o i l  i s  or ien ted  inboard  
of  the t a i l  chord  l ine.   Conversely,  camber o u t b o a r d   i n d i c a t e s   t h a t   t h e  mean camber 
l i n e  is outboard of the chord l ine.  
A s  shown i n  f i g u r e  24, t h e  e f f e c t s  of  camber on af t -end drag were determined €or 
v a r i o u s  v e r t i c a l - t a i l  c a n t  a n g l e s  a t  two v e r t i c a l - t a i l  a x i a l  l o c a t i o n s .  Note t h a t  
v e r t i c a l - t a i l   t o e   a n g l e  w a s  f i x e d  a t  Oo. Symmetrical-airfoil ,   camber-outboard,   and 
camber-inboard configurations were inves t iga t ed  a t  v e r t i c a l - t a i l  c a n t  a n g l e s  o f  Oo. 
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In  add i t ion ,  i nboa rd  camber was t e s t e d  when t h e  t w i n  v e r t i c a l  tai ls  were canted out-  
ward ( @t = 1 Oo and 20°) , and outboard camber w a s  t e s t e d  when t h e  v e r t i c a l  t a i l s  were 
canted  inward ( @ t  = - I O o ) .  These d a t a  i n d i c a t e  t h a t  r e g a r d l e s s  of v e r t i c a l - t a i l  
a x i a l  l o c a t i o n  o r  c a n t  a n g l e ,  o u t b o a r d  v e r t i c a l - t a i l '  camber genera l ly  reduced  to ta l  
aft-end drag, and inboard camber g e n e r a l l y  i n c r e a s e d  t o t a l  a f t - e n d  d r a g  compared wi th  
t h e  s y m m e t r i c a l  a i r f o i l .  These r e s u l t s  a r e  n o t  t o t a l l y  u n e x p e c t e d  i f  it is r e a l i z e d  
t h a t ,  a t  s u b s o n i c  s p e e d s ,  t h e  e f f e c t s  of o r i e n t a t i o n  of t h e  v e r t i c a l - t a i l  camber a r e  
similar t o  t h o s e  e f f e c t s  n o t e d  f o r  v e r t i c a l - t a i l  t o e  a n g l e .  Both the  symmetrical-  
a i r f o i l  and the  camber- inboard  cases  probably  ac t  to  acce lera te  the  f low over  the  
a f te rbody in  the  reg ion  be tween the  ta i l s  as previous ly  noted  for  toe  angles  of Oo 
and - 2 O .  The camber-outboard  configurations ( a t  I$ = Oo ) provided  aft-end  drag 
l e v e l s   n e a r l y   i d e n t i c a l   t o   t h o s e   f o u n d   p r e v i o u s l y   f o r   t h e  Gt = 2 O  t oe -ou t ' ca se  
( f i g .  2 2 ) .  The outboard-camber  configurations are b e l i e v e d  t o  be a t  or   near  a  non- 
l i f t i n g  c o n d i t i o n  ( e f f e c t i v e  t a i l  angle  of a t t a c k  of approximately - 2 O )  i n  t h e  wing/ 
forebody  f low  f ie ld .  Hence, the  outboard-camber tails have less   impact  on loca l   f low 
v e l o c i t i e s  n e a r  t h e  t a i l s  t h a n  would  be the case of t a i l  s u r f a c e s  t h a t  a r e  p r o v i d i n g  
l i f t  ( and   h ighe r   l oca l   acce l e ra t ions ) .  It is i n t e r e s t i n g  to  n o t e   t h a t   f o r  M = 1 .2 ,  
the  outboard-camber  configurations ( a t  9, = Oo) r e s u l t e d  i n  lower  aft-end  drag 
l eve l s  t han  those  ob ta ined  by outward  toe of t h e  v e r t i c a l  t a i l s .  
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The e f f e c t s  of v e r t i c a l - t a i l  camber on a f t - e n d  l i f t  ( f i g s .  10 t o  15)  tended t o  
be much more Mach number and empennage-configuration dependent than the drag results.  
The l i f t - c o e f f i c i e n t  c h a r a c t e r i s t i c s  f o r  t h e  a f t e r b o d y  c o n f i g u r e d  w i t h  v e r t i c a l  t a i l s  
i n  t he  fo rward  loca t ion  ( f ig s .  10 to 1 2 )  i n d i c a t e  t h a t ,  a t  s u b s o n i c  s p e e d s  , outboard 
camber d e c r e a s e d  l i f t ,  and inboard camber i n c r e a s e d  l i f t  r e l a t i v e  t o  t h e  s y m m e t r i c a l  
a i r f o i l .  Again it is assumed tha t   bo th   t he   symmet r i ca l - a i r fo i l  and  inboard-camber 
c o n f i g u r a t i o n s  r e s u l t  i n  accelerated f low over  the af terbody region between the 
t a i l s ,  r e d u c e d  s t a t i c  p r e s s u r e ,  and increased l i f t   i n  a  manner s i m i l a r  t o  t h a t  n o t e d  
f o r   t w i n - v e r t i c a l - t a i l   t o e - i n   a n g l e   ( n e g a t i v e  + t ) .  A t  M > 1 .O, t h e s e   t r e n d s   a r e  
reversed .  This same r e v e r s a l  i n  t r e n d  a l s o  o c c u r s  f o r  Mach numbers  above  0.8 f o r  t h e  
t w i n  v e r t i c a l   t a i l s   l o c a t e d  i n  the   mid-axia l   pos i t ion  a t  @t  = Oo and l o o  ( f i g s .   1 3  
and 1 4 ) .  These   t rend   reversa ls   cannot   cur ren t ly  be expla ined .  
T w i n - v e r t i c a l - t a i l  ~ ~ _ _ _ _ _ _ _ _  root-chord  length.-  The e f f e c t s  of t w i n - v e r t i c a l - t a i l   r o o t -  
chord length on t o t a l  a f t - e n d  l i f t  and  d rag  coe f f i c i en t s ,  i nd iv idua l  d rag -coe f f i c i en t  
components,  and t a i l  i n t e r f e r e n c e - d r a g  i n c r e m e n t s  a r e  p r e s e n t e d  i n  f i g u r e s  1 6  t o  18. 
The shor t - root -chord  base l ine  ta i ls  shown i n  f i g u r e  l ( f )  had a root-chord  length  of 
24.38 cm, while  the long-root-chord tails shown i n  f i g u r e  l ( g )  had  a root-chord 
length of 28.19 cm. 
Var i a t ion  i n  root-chord length had little e f f e c t  on d rag  excep t  fo r  t he  empen- 
nage conf igu ra t ion  shown i n  f i q u r e  1 6  ( b o t h  h o r i z o n t a l  and v e r t i c a l  t a i l s  l o c a t e d  
fo rward ) ,  where the  long-root -chord  ver t ica l  t a i l s  p rovided  drag  reduct ions  through-  
o u t  t h e  Mach number range. The r e a s o n s  f o r  t h i s  a r e  n o t  u n d e r s t o o d .  
Engine  in te r fa i r ing . -  The e f f e c t s  of e n g i n e  i n t e r f a i r i n g  c o n t o u r  on t o t a l  a f t -  
end l i f t  and  d rag  coe f f i c i en t s  and i n d i v i d u a l  d r a g - c o e f f i c i e n t  components a r e  p r e -  
s en ted  i n  f i g u r e s  19 t o  21. Tai l  in te r fe rence-drag   increments  were no t   ob ta ined   fo r  
the  alternate i n t e r f a i r i n g  c o n f i g u r a t i o n s .  
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Examination of the to ta l  af t -end l i f t  and drag c h a r a c t e r i s t i c s  i n d i c a t e s  that 
t h e  basic i n t e r f a i r i n g  g e n e r a l l y  p r o v i d e d  e q u a l  or lower drag and higher  l i f t  t han  
d i d  t h e  a l t e r n a t e  i n t e r f a i r i n g .  Lower  d r a g  f o r  t h e  basic i n t e r f a i r i n g  is oppos i t e  
t he  t r end  r epor t ed  in  r e fe rence  17  fo r  compar i son  of c i r c u l a r  arc and e l l i p t i c a l  
i n t e r f a i r i n g s  i n s t a l l e d  on a n   i s o l a t e d   ( n o  ta i ls)  twin-engine  afterbody model. How- 
ever, it must be n o t e d  t h a t  a f t - e n d  d r a g  c h a r a c t e r i s t i c s  are highly dependent on such 
c o n f i g u r a t i o n  variables as empennage s u r f a c e   l o c a t i o n s  (refs. 11 and  15) ,   af terbody 
and   nozz le   boa t t a i l   ang le s  ( ref .  171,  and  nozzle l a t e ra l  spac ing  ( ref .  1 ) .  The cur-  
r e n t  d a t a  i n d i c a t e  t h a t  e n g i n e  i n t e r f a i r i n g  s h a p e  s h o u l d  be e v a l u a t e d  i n  t h e  p r e s e n c e  
of empennage s u r f a c e s  for accu ra t e  de t e rmina t ion  of i t s  e f f e c t  on af t -end  drag.  The 
magnitude of  the effect  of  empennage l o c a t i o n  on t h e  r e s u l t s  from a n  i n t e r f a i r i n g  
shape s tudy is  i n d i c a t e d  by t h e  d i f f e r e n t  d r a g  t r e n d s  ( a  = Oo) shown i n  f i g u r e s  1 9  
t o  21. A t  subsonic   speeds,  as shown i n  par t  (b)  of f i g u r e s  1 9  t o  21 and as p rev i -  
o u s l y  r e p o r t e d  i n  r e f e r e n c e  17, the  la rges t  d rag  changes  due  t o  i n t e r f a i r i n g  s h a p e  
genera l ly   occur   on   the   nozz les  ( C  ) r a t h e r   t h a n  on the   a f t e rbody  (C, a ) .  A t  super-  
son ic  speeds ,  i n t e r f a i r ing  shape  t ended  to  a f f e c t  a f t e r b o d y  d r a g  s l i g h t l y  more than  
n o z z l e  d r a g ,  w i t h  t h e  h i g h e s t  a f t e r b o d y  d r a g  o c c u r r i n g  f o r  t h e  a l t e r n a t e  i n t e r f a i r -  
ing .   This   t rend  i s  probably  caused by inc reased  supe r son ic  wave d rag  due  to  the  
steeper af t -end   s lopes  (see f i g s .  l ( i )  and 3 ( d ) )  o f  t h e  a l t e r n a t e  i n t e r f a i r i n g .  
D l  n 
CONCLUSIONS 
A n  experimental  invest igat ion has  been conducted in  the Langley 16-Foot  
Transonic  Tunnel  to  de te rmine  the  e f fec ts  of s e v e r a l  empennage  and a f t e rbody  param- 
eters on twin-engine  af t -end  aerodynamic  character is t ics .  Model va r i ab le s   i nc luded  
t w i n - v e r t i c a l - t a i l  c a n t  a n g l e ,  toe a n g l e ,  a i r f o i l  camber, and  root-chord  length  and 
a f t e rbody /eng ine  in t e r f a i r ing  shape .  Tes t s  were conducted  over a Mach number range 
from 0.6 t o  1.2  and  over  an  angle-of-attack  range  from -2O t o  I O o .  Nozzle  pressure 
r a t io  w a s  va r i ed  from 1 .O ( j e t  o f f )  t o  approximately 10.0. Resul t s   f rom  th i s   s tudy  
ind ica t e  the  fo l lowing :  
1 .  Tail i n t e r f e r e n c e  e f f e c t s  on t o t a l  a f t - e n d  d r a g  w e r e  p resent  th roughout  the  
Mach number range tes ted and provided a s i g n i f i c a n t  p e r c e n t a g e  of t o t a l  a f t - e n d  d r a g  
i n  t h e  t r a n s o n i c  s p e e d  r a n g e .  
2. Aft-end  drag was s e n s i t i v e   t o   t w i n - v e r t i c a l - t a i l   t o e   a n g l e .  A t  subsonic  
speeds and an angle  of  a t tack of  O o ,  s i g n i f i c a n t  r e d u c t i o n s  i n  d r a g  w e r e  obtained by 
a s l i g h t  outward  toe  angle  (approximately 2 O )  f o r  t h e  a f t e r b o d y  c o n f i g u r a t i o n  t e s t e d .  
A s  Mach number w a s  increased  to  supersonic  speeds ,  the  toe  angle  requi red  for  lowes t  
drag occurred between Oo and 2O toe out ,  depending upon v e r t i c a l -  a n d  h o r i z o n t a l - t a i l  
loca t ion .   Genera l ly ,  as ang le   o f   a t t ack   i nc reased ,  lowest af t -end  drag  occurred a t  
increased  outboard  toe  angles .  
3 .  S i g n i f i c a n t  d e c r e a s e s  i n  d r a g  were achieved by outward cant of the twin ver- 
t i c a l  t a i l s  a t  l o w  ang le s  of a t t a c k .  A t  h igher   angles   o f   a t tack   (approximate ly  8 O ) ,  
e i t h e r  no c a n t  or a s l i g h t  inward  cant  provided  drag  benef i t s .  
4. Outboard  placement of v e r t i c a l - t a i l  camber r educed  d rag  fo r  a l l  conf igura-  
t i o n s  t e s t e d ,  
1 2  
5. W i n - v e r t i c a l - t a i l  r o o t - c h o r d - l e n g t h  e f f e c t s  on aft-end l i f t  and drag were 
g e n e r a l l y  small. 
6.  Engine i n t e r f a i r i n g  s h a p e  e f f e c t s  on drag appeared t o  be conf igu ra t ion  
dependent and should be e v a l u a t e d  f o r  a p a r t i c u l a r  c o n f i g u r a t i o n  i n  t h e  p r e s e n c e  o f  
t a i  Is. 
Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
March  24, 1983 
13 
REFERENCES 
1. Berrier, Bobby L.: E f f e c t  of Nozzle Lateral Spacing  on  Afterbody Drag and  Per- 
formance of Twin-Jet Afterbody Models With Cone Plug Nozzles a t  Mach Numbers up 
t o  2.20. NASA TM X-2632, 1972. 
2. Sams, H.: F-15 Propulsion  System  Design  and  Development. A I A A  Paper 
NO. 75-1042, AUg. 1975. 
3. Martens,  Richard E.: F-15 Nozzle/Afterbody  Integrat ion.  AIAA Paper No. 74-1100, 
O c t .  1974. 
4. Nichols,  Mark R.: Aerodynamics  of  Airframe-Engine  Integration  of  Supersonic 
A i r c r a f t .  NASA TN D-3390, 1966. 
5. Berrier, Bobby L.; and   S t a f f ,   P ropu l s ion   In t eg ra t ion   Sec t ion :  A R e v i e w  of  Sev- 
e r a l  Propuls ion  In tegra t ion  Fea tures  Applicable t o  Supersonic-Cruise  Fighter  
A i r c r a f t .  NASA  TM X-73991, 1976. 
6. Bergman,  Dave: Unique Characteristics of  Exhaust-Plume In t e r f e rence .  J. Aircr . ,  
vo l .  IO,  no. 8, Aug. 1973,  pp. 508-51 1. 
7.  Richey, G. K.; Suber, L. E.; and  Laughrey, J. A.: Airframe/Propulsion  System 
Flow F ie ld  In t e r f e rence  and  the  Ef fec t  on  Air Intake and Exhaust Nozzle 
performance.  Airframe/Propulsion  Interference,  AGARD-CP-150, Mar. 1975, 
pp. 23-1 - 23-31. 
8. Glasgow, E. R.; and  Santman, D. M.: Aft-End Design Criteria and  Performance 
P r e d i c t i o n  Methods Applicable  t o  Air S u p e r i o r i t y  F i g h t e r s  Having Twin Buried 
Engines  and  Dual  Nozzles. A I A A  Paper No. 72-1 1 1  1 ,  Nov.-Dec. 1972. 
9. Pendergraf t ,  Odis C., Jr.; and  Schmeer, James W.: Effect  of Nozzle Lateral  
Spacing on Afterbody Drag and Performance of Twin-Jet Afterbody Models With 
Convergent-Divergent  Nozzles a t  Mach Numbers up t o  2.2. NASA  TM x-2601,  1972. 
11. Leavitt,  Laurence D.: Ef fec t   o f  Empennage Locat ion on  Twin-Engine  Afterbody/ 
Nozzle  Aerodynamic C h a r a c t e r i s t i c s  a t  Mach Numbers  From 0.6 t o  1.2. NASA 
TP-2116, 1983. 
12.  Pendergraft ,   Odis C., Jr.; and Bare, E. Ann: Effect of  Nozzle  and  Vertical-Tail  
variables on the Performance of a Three-Surface F-15  Model a t  Transonic  Mach 
Numbers. NASA TP-2043, 1982. 
13.  Reubush,  David E.; and Mercer, Charles  E.: Ef fec ts   o f   Nozzle   In te r fa i r ing  Modi- 
f i c a t i o n s  on Longi tudina l  Aerodynamic C h a r a c t e r i s t i c s  o f  a Twin-Jet, Variable- 
Wing-Sweep F igh te r  Model. NASA TN D-7817,  1975. 
14.  Glasgow, E. R.: Integrated  Airframe-Nozzle  Performance  For  Designing  Twin-Engine 
F igh te r s .  A I A A  Paper No. 73-1303, Nov. 1973. 
15. Berrier, Bobby L.: E f f e c t  of Non l i f t i ng  Empennage Surfaces  on Single-Engine 
Afterbody/Nozzle  Drag A t  Mach Numbers From 0.5 t o  2.2. NASA T N  D-8326,  1977. 
14  
16.  Maiden,  Donald L.; and   Ber r ie r ,  Bobby L. : E f f e c t  of Airframe Modif icat ions On 
Longi tudina l  Aerodynamic C h a r a c t e r i s t i c s  of a Fixed-Wing,  Twin-Jet F igh te r  
Airplane Model. NASA  TM X-2523, 1972. 
17. Lee, Edwin E., Jr.; and  Runckel,  Jack F.: Performance  of  Closely  Spaced  Twin-Jet 
Afterbodies  With  Different  Inboard-Outboard  Fairing  and  Nozzle  Shapes.  NASA 
TM X-2329, 1971. 
18.   Exhaust   System  Interact ion Program. Volumes I - X V I I .  D162-10467-11 (Cont rac t  
N o .  F33615-70-C-1450),  Boeing CO., A p r .  1973. 
19.  Swavely, C. E.; and  Soi leau,  J. F.: Aircraft Aftbody/Propulsion  System  Inte- 
g r a t i o n  for  Low Drag. AIAA Paper No. 72-1101, Nov.-Dec.  1972. 
20.  Corson,  Blake W., Jr.; Runckel,  Jack F.; and Igoe, William B.: C a l i b r a t i o n  of 
the  Langley  16-Foot  Transonic  Tunnel  With Test Section  Air Removal. NASA 
TR R-423, 1974. 
21. Stevens,  H. L.: F-l5/Nonaxisymmetric  Nozzle  System  Integration  Study  Support 
Program. NASA CR-135252, 1978. 
22. R r a s l o w ,  Alber t  L.; Hicks, Raymond M.; and Harris, Roy V., Jr.: Use of  Grit-Type 
Boundary-Layer-Transition  Trips on  Wind-Tunnel  Models. NASA T N  D-3579, 1966. 
23. Shapiro,  Ascher H.: The Dynamics  and  Thermodynamics  of  Compressible  Fluid Flow. 
Vol. 11. The Ronald  Press CO., 1954. 
24. Harris, Roy V. , Jr.: An Analysis  and  Correlation  of Aircraft Wave Drag. NASA 
TM X-947, 1964. 
25. Bare, E. Ann; Berrier, Bobby L.; and  Capone, F ranc i s  J.: E f f e c t  of Simulated  In- 
Fl ight  Thrust  Reversing on Vert ical-Tai l  Loads of  F-18 and F-15 Airplane 
Models. NASA TP-1890, 1981. 
15  
TABLE I .- INDEX To BASIC DATA 
TABLE 11.- B A S I C   F O R C E  AND  MOMENT DATA  FOR  CONFIGURATION  WITH 
HORIZONTAL,   TAILS FORWARD  AND V E R T I C A L   T A I L S  FORWARD 
M 
0.852 
0.849 
0.851 
0.851 
0.851 
0.852 
0.849 
0.849 
0.850 
1 .ZOO 
1 . z o o  
1.201 
1.202 
1 . z o o  
1.199 
1.198 
1.198 
1 .ZOO 
1.202 
1.199 
1.198 
1.200 
1.200 
I .201 
1.199 
0.941 
1.203 
0.936 
0.943 
0.940 
0.942 
0.943 
0 . ~ 9 8  
0.902 
0.899 
0.900 
0.898 
0.901 
0.898 
0.898 
0.899 
0.899 
0.900 
0 .899 
0 .899 
0 .898 
0.899 
0.903 
0.899 
0.902 
( a )  
a , d e g   N P R  
0.00 
2.01 
1.01 
2.99 
4.00 
4.99 
5.99 
6.99 
-0.01 
0 .00  
-2.00 
-0.00 
2.00 
3.98 
5.00 
6.00 
7.98 
0 . 0 0  
-0 .01  
-0 .00  
-0 .00  
0.02 
3.99 
3.99 
4.01 
3.99 
- 0 . 0 0  
0 .00  
- 0 . 0 0  
-0.02 
0.01 
0.02 
-2.00 
0 .00  
0.01 
2 .01  
3 .99  
5.99 
0.01 
10.00 
-0,Ol 
-0.02 
- 0 . 0 0  
-0 .00  
- 0 . 0 3  
0.01 
3.99 
4.02 
3.95 
4 .01  
1.093 
1.092 
1.092 
1.091 
1.090 
1.091 
I .OQ2 
1.093 
1.092 
1.007 
1 . n o 6  
1.006 
1.003 
0.998 
I.000 
0.968 
0.944 
1 .oo2 
3.549 
1.986 
10.021 
6.014 
0.990 
I .999 
3.627 
3.545 
1.123 
2.001 
3.532 
4 .341  
8.016 
1.120 
1.105 
1.107 
1.106 
1.105 
1.103 
1.107 
1.104 
1.106 
2.022 
1.106 
4.222 
3.510 
6.025 
7.950 
2.000 
1.100 
3.512 
4 . 2 1 8  
C r , v t  
-  
+t 
C L  
0.0215 
0.0266 
0.0314 
0.0376 
0.0450 
0.0511 
0.0673 
0.0585 
-0.0027 
0.0206 
-0,0334 
-0.0023 
0 ,0282  
0.0584 
0.0795 
0.0736 
-0.0029 
0.1023 
-0.0037 
-0.0031 
-0 .0033  
-0.0036 
0.0587 
0.0589 
0.0583 
0,0585 
0.0136 
0.0140 
0.0113 
0 . 0 1 2 4  
0.0112 
0.0119 
0.0201 
0.0132 
0.02ou 
0.0279 
0.0370 
0 . 0 5 0 5  
0,0714 
0.0960 
0.0198 
0.0178 
0.0180 
0.0180 
0.0178 
0.0355 
0.0343 
0.0348 
0.0342 
0.0172 
24.38 cm; symmetr ical  ver t ical- ta i l  a i r foi l ;  
= 00; 
C D  
0.0102 
0.0113 
0.0106 
0.0121 
0.0131 
0,0144 
0.0159 
0.0179 
0.0100 
0.0229 
0.0242 
0.0281 
0.0230 
0.0272 
0.0295 
0.0324 
0.0392 
0.0231 
0.0219 
0.0223 
0.0217 
0.0199 
0.0271 
0.0261 
0.0266 
0.0098 
0 .0264  
0.0085 
0 . 0 0 8 1  
0.0069 
0.0094 
0.0103 
0.0096 
0.01ou 
0.911U 
0.0130 
0.0157 
0.020u 
0.0105 
0.0278 
0.0087 
0.9086 
0 .0081  
0.0074 
0.0127 
0.0111 
0.0113 
0.0112 
o . o o n 1  
0.0066 
0, = 0 ’ ;  bas ic  in te r fa i r ing  
. L  
C m  
-0.0264 
-0.0319 
-0.0373 
-0.044u 
-0.0529 
-0.0h03 
-0.0689 
-0.0792 
-0.0253 
- 0 . 0 0 0 6  
0.0343 
-0 .0011  
-0.0363 
-0.0887 
-0 ,0712  
-0.0950 
- 0 . 0 9 0 5  
-6.0002 
0 . 0 0 0 3  
0 . 0 0 0 0  
0.0003 
-0.0714 
-0.0716 
-0.0710 
-0.0217 
-0.0213 
-0,0186 
-0.0200 
-0.0189 
-0.0259 
-9 .0181  
-0,0263 
-0.0343 
-0 .0461  
-0.0862 
-0.0622 
-0.1149 
-0 .0256  
-0.0211 
-0.0234 
-0,0233 
-0.0231 
-0.0223 
- 0 . 0 4 4 6  
-0 .0482  
-0.0423 
-0.122e 
-0.07oe 
-0.019e 
-0.042e 
M 
0.901 
0.901 
0.898 
0.901 
0.903 
0.902 
0.900 
0.901 
0.903 
0.852 
0.852 
0.849 
0.850 
0.849 
0.847 
0.801 
0.801 
0.802 
0.802 
0.802 
0.799 
1.201 
1 .200 
1,201 
1.201 
1 .200 
1.200 
1.151 
1.150 
1.148 
1.151 
1.152 
1.152 
1.148 
0.601 
0.602 
0.601 
0.601 
0.600 
0.598 
0.598 
0.598 
0 .600 
0.601 
0.601 
0.602 
0.602 
0.600 
0.601 
0.600 
0.600 
0 .600 
0.600 
0.600 
0.601 
0.600 
0..60 1 
0.600 
0.599 
0.600 
0.401 - 
a,   deg 
4.00 
3.98 
8.01 
7.99 
7.99 
8.00 
7.99 
8.00 
-0.02 
-0.01 
0.00 
0 . 0 0  
-0.01 
-0.01 
0.01 
-0.01 
0.05 
-0.01 
0.02 
- 0 . 0 0  
3.99 
3.99 
4.01 
3.99 
4.00 
3.99 
-0.01 
3.99 
-0.02 
0.01 
- 0 . 0 0  
-0 .00  
-0 .01 
-0 .01  
-2.01 
0.06 
1.99 
u.01 
6.00 
7.99 
10.01 
0.05 
-0 .01  
0.01 
-0.01 
0 . 0 0  
0.00 
4.00 
3.99 
4.01 
0.01 
4.00 
4.01 
8.01 
7.98 
8.00 
n.01 
8.01 
8.01 
0.00 
0.01 
~ 
N P R  
6.038 
8.045 
1.103 
2 .012  
4.193 
3.514 
5.999 
8 . 0 0 7  
1.104 
2.007 
I .ne5 
3.505 
4 . 0 0 0  
9.015 
1.081 
1.015 
1 .Ob9 
3.930 
5.005 
7.990 
I .067 
0.994 
1.993 
3.516 
6.056 
9 ,945  
0.985 
0.994 
0.996 
3.513 
1,999 
5.619 
0.992 
1.032 
I .032 
1.032 
1.032 
1.031 
1.031 
1.031 
1.031 
1.031 
2.on4 
4.019 
3.401 
5.992 
8.038 
1 .Or9 
4.067 
3 .406 
6.007 
7.987 
2.001 
4.066 
3.401 
5.992 
7.961 
1.026 
10.052 
2.009 
1 .o2n 
CL c D  ‘m 
0.0337 
0.0331 
0.0708 
0.0704 
0.0702 
0.0701 
0.0701 
0.0697 
0.0192 
0.0203 
0.0209 
0.0199 
0.0200 
0.0190 
0.0200 
0.0178 
0.0172 
0.0172 
0.0170 
0.0174 
0.0166 
0.0575 
0 .0581  
0 .  0584 
0.0584 
0.0582 
0.0584 
0.0576 
- 0 . 0 0 4 0  
- 0 . 0 0 4 3  
- 0 . 0 0 4 2  
-0.OOU6 
-0.0049 
-0.0048 
0.0144 
0.0025 
0 .0153  
0.0278 
0.0415 
0.0564 
0.070U 
0.0879 
O.OI56 
0.0155 
0.0147 
0.0142 
0.0147 
0.0142 
0,0408 
0.0407 
0.0416 
0.0414 
0.0U15 
0.0412 
0.0719 
0.0723 
0.0722 
0.0723 
0.0728 
0.0724 
0.0165 
0.0106 
0.0098 
0.0201 
0.0186 
0.0187 
0.0184 
0.0179 
0.0103 
0.0172 
0.0095 
0.0078 
0.0078 
0 .0065 
0.0091 
0.0090 
0.0075 
0.0072 
0.0075 
0 .0062  
0 .0088  
0.0265 
0.0257 
0.9256 
0.0263 
0.0238 
0.0269 
0.0284 
0.0242 
0.0231 
0.0234 
0.0229 
0.0204 
o.nZu1 
0.0088 
0.008R 
0.0087 
0.0096 
O . O l l 4  
0 .0141 
0.0178 
0.0232 
0.0090 
0.0078 
0.0078 
0.0872 
0.0113 
0.0066 
O.Ol0U 
0.0106 
0 .0100  
0.0105 
0.0181 
0.0094 
0.0172 
0.0172 
0,0171 
0.0167 
0.0160 
o.no78 
0.0079 
o.ng91 
- 0 . 0 4 1 9  
- 0 . 0 4 1 0  
-0,0857 
- 0 , 0 8 5 0  
-0.0849 
-0.0847 
-0.0847 
-0.0843 
-0.0855 
-0.0247 
-0.0243 
-0.02U3 
-0.0237 
-0.0244 
-0.0211 
-0.0207 
-0,0203 
-0,0205 
-0.0205 
-0.0696 
-0.0702 
-0.0706 
-0.0705 
-0.0709 
-0.0701 
0.0001 
0 . 0 0 0 5  
0 . 0 0 0 5  
o.on1o 
0.0011 
0.0009 
-0.0167 
-0.017U 
-0.0037 
-0.031 I 
-0.046U 
-0.0794 
-0.1012 
-0.0175 
-0.0172 
-0.0163 
-0.0163 
-0.0157 
- 0 . 0 4 5 1  
-0.0407 
-0.0457 
-0.oa53 
-0.019e 
-0 .0701  
-0.0631 
-0.015e 
- 0 . 0 4 5 ~  
- 0 . 0 4 5 5  
-0.0809 
-0.045u 
-0,0817 
-0.oe1e 
-0.0813 
-0.0822 
-0,0820 
-0 .0185 
1 
17 
TABLE 11.- Continued 
(b) c ~ , ~ ~  = 24.38 c m ;  symmetrical vertical-tail a i r f o i l ;  
(G = -2O; 4 = Oo; basic i n t e r f a i r i n g  t t 
" 
M a , d e g   N P R  C L  
1 .202 
1 .2Ol 
1.202 
1.200 
1.201 
1.197 
1.199 
1.202 
1.20 1 
1.201 
1,202 
1 .200 
1.199 
1.199 
1.199 
1.199 
1.199 
1.200 
1.155 
1.153 
1.149 
1.152 
1.151 
1.149 
0,940 
0.939 
0.941 
0.940 
0.937 
0.939 
0.939 
0,900 
0.899 
0.899 
0.901 
0.900 
0.899 
0,897 
0.902 
0.903 
0.899 
5.900 
3.899 
J.901 
3.901 
3.896 
3.901 
1.898 
1.899 
-0.01 
-2.00 
0.01 
4.02 
1.98 
6 . 0 0  
-0.02 
7.99 
-0.00 
0.01 
-0.01 
0.01 
4.01 
4.01 
3.99 
u.00 
4.01 
0.00 
-0.01 
0.01 
0.00 
-0.01 
-0.01 
0.00 
-0.02 
0.01 
0 . 0 1  
- 0 . 0 1  
-0.00 
-0.00 
- 0 . 0 1  
0 . 0 0  
-2.02 
0.01 
I .Y9 
6.02 
4.00 
7.99 
-0.02 
10.02 
-0.00 
0.01 
-0.02 
0 . 0 1  
0.00 
4.01 
4.02 
4.01 
4.00 
0.993 
0.999 
0.991 
0.986 
0.982 
0.978 
0.926 
2.Oll 
0.989 
3.526 
10.007 
6.008 
0.975 
3.503 
1.998 
6.003 
9.988 
0.983 
0.994 
2.005 
3.508 
5.620 
10.019 
0.991 
2.009 
1.115 
3.515 
4.302 
7.972 
8.026 
1.112 
1.100 
1.099 
1.100 
1.098 
1.097 
1.095 
1.101 
1,101 
2,016 
1.102 
4.218 
3,494 
6.002 
8.030 
1 . O W  
2.024 
3.522 
4.211 
-o.oozu 
-0.0322 
-0.0017 
0.0283 
0.0591 
0.0873 
-0.0029 
0.1016 
-0.0024 
-0.0023 
-0.0030 
-0.0038 
0.0583 
0.0567 
0.0572 
0.0577 
'0.0513 
-0.0043 
-0.0039 
-0.0044 
-0.0040 
-0.0053 
-0.0041 
-0.0041 
0.0153 
0.0134 
0.0134 
0.0131 
0.0133 
0.0127 
0.0149 
0.0218 
0,0156 
0.0223 
0.0296 
0.0912 
0.0383 
0.0733 
0.1001 
0.0219 
0.0210 
0.0207 
0,0210 
0.0202 
0.0195 
0.0379 
0.0357 
0.0367 
0.03b4 
0 0232 
0.0241 
0.0233 
0.0278 
0.0244 
0.0328 
0.0401 
0.0234 
0,0224 
0.6217 
0.0221 
0.0203 
0.0278 
0.0272 
0.0265 
0.0243 
0.0243 
0.0268 
0.0233 
0.0234 
0.0236 
0.0232 
0.0208 
0.6245 
0.0102 
0.0121 
0.0105 
0.0103 
0.0092 
0.0119 
0.0121 
0.0110 
0.0133 
0.0122 
0.0175 
0.0149 
0.0226 
0.0305 
0.0124 
0.0107 
0.0106 
0.0106 
0.0101 
0.0095 
0.0147 
0.0134 
0.0094 
0.0132 
0.0133 
-0 .OOL9 
-0.0025 
-0.0367 
-0.0724 
-0.1054 
-0.OOlI 
-0.0018 
-0.0020 
-0.0011 
-0.0002 
-0.0195 
-0.0702 
-0.0709 
- 0 . 0 6 0 1  
-0.0005 
-0.0002 
-0.0005 
-0.0009 
-0.0009 
0.0012 
-0.0249 
-0.022s 
-0.0220 
-0.0219 
.-0.0221 
-0.0214 
-0.0243 
-0.0286 
-0.0217 
-0.0293 
-0.037 1 
-0.0640 
-6.0484 
-0.0904 
-0.0287 
-0.0371 
-0.0273 
-0.0269 
-0.6258 
-0.0265 
-0.047.7 
-0.0460 
-0.0448 
-0.0456 
0.03as 
-0.laa7 
-0.071e 
- o . o o o c  
-0.121~ 
M 
" 
0.900 
0.900 
0.898 
0.902 
0.901 
0.898 
0.901 
0.899 
0.900 
0.851 
0.850 
0.850 
0,850 
0.849 
0.848 
0.798 
0.800 
0.800 
0.799 
0.802 
0.598 
0.796 
0.603 
0.601 
0.601 
0.603 
0.600 
0.599 
0.599 
0.600 
0.600 
0.601 
0.602 
0.601 
0,601 
0.598 
0,600 
0.599 
0.599 
0.600 
0.601 
0,600 
0.599 
0.598 
0.601 
0.599 
0.599 
0.598 
4.01 
1 . 0 0  
7.99 
8.01 
8.00 
7.99 
8.01 
8.00 
-0.02 
0.00 
0.00 
0.01 
-0.01 
-0.01 
-1). or 
0.01 
-0.00 
0.01 
-0.01 
0.01 
-0.01 
-0.02 
-1.98 
-0.03 
1.99 
b.02 
3.98 
8.01 
10.00 
0.00 
-0.01 
0.02 
-0.04 
- 0 . 0 0  
0.00 
u.01 
3.98 
u.00 
4.01 
4.00 
4.00 
8.00 
7.99 
8 . 0 1  
4.02 
8.01 
8 . 0 1  
7.9e 
~ 
N P R  
6.065 
7.985 
1.099 
3.514 
1.999 
4.202 
6,002 
7.994 
1 .OB2 
1.099 
1.989 
3.511 
7.988 
3.994 
1.078 
2.013 
1 .Ob7 
3.917 
5.030 
7.998 
1 .Ob4 
1.033 
1.034 
1.033 
1.033 
1.033 
1.033 
1.033 
1.034 
1.993 
1.034 
3.401 
5.988 
4.005 
8.027 
1.032 
1.995 
3.409 
6'.021 
4,004 
8.017 
2.008 
1.032 
3.405 
4,012 
5.998 
8,002 
1.032 
c L  
0.0360 
0.0352 
0.0729 
0.0718 
0.0722 
0.0725 
0.0726 
0.0724 
0.0221 
0.0250 
0.0237 
0.0233 
0.0210 
0.0223 
0.0242 
o.o2ao 
0.0252 
0.0234 
0.0231 
0.0234 
0.0220 
0.0169 
0.0045 
0.0166 
0.0299 
0.0437 
0.0594 
0.0759 
0.0917 
0.0176 
0.0169 
0.0162 
0.0165 
0.0435 
0.0163 
0.0433 
0.0437 
0.0436 
0.0757 
0.0430 
0.0763 
0.0764 
0.0777 
0.0763 
0.0758 
0.0760 
0.0167 
0.0431 
c D  
0,0128 
0.0121 
0.0210 
0.0209 
0.0209 
0.0204 
0.0196 
0.0121 
0.01 t3 
0.0099 
0.0101 
0.0100 
o.on88 
0,0112 
0.0100 
0.0086 
0.0087 
0.0085 
0.0099 
0.0076 
0.0084 
0.0084 
0.0093 
0.0139 
0.0110 
0.0179 
0.0086 
0.0074 
0.0074 
0.00?3 
0.0018 
0.0063 
0.0099 
0.0107 
0.0101 
0.0101 
0.0096 
0.0090 
0.0168 
0.0170 
0.0173 
0.0158 
0,0165 
0.0179 
0 .  0225 
0.0083 
0.0231 
0.0177 
" ~ 
c m  
-0.0457 
-0.0446 
-0.0899 
-0.0888 
-0.089 1 
-0.0692 
-0.0894 
-0.0893 
-0,0303 
-0.0284 
-0.0287 
-0.0281 
-0,0270 
-0.0277 
-0.0193 
-0.0264 
-0.0269 
-0.0264 
-0.0252 
-0.0270 
-0.0190 
-0.0055 
-0.0188 
-0.0185 
-0.0332 
-0.0665 
-0,0857 
-0,1049 
-0.6183 
-0,0189 
-0.0180 
-0.0184 
-0.0181 
-0.0180 
-0.0471 
-0.0475 
-0.0480 
-0.0481 
-0.0174 
-0.0852 
-0.0859 
-0.0857 
-0.0875 
-0.oz8e 
-0.019e 
-0 .085e 
-0.o8se 
-0 .oe53 
1 8  
TABLE 11.- Continued 
1 .zoo 
1 .zoo 
1,201 
1.202 
1.202 
1.198 
1.199 
1.202 
1 . zoo 
1.199 
1 .zoo 
1.201 
1.200 
1.151 
0.941 
1.148 
0.941 
0.900 
0.902 
0.901 
0.901 
0.903 
0.898 
0.899 
0.899 
0.903 
0.896 
0.902 
0.903 
0.900 
0.899 
0.902 
0.898 
0.900 
0.899 
0 .899 
0.899 
a ,  deg 
-0.02 
-2.00 
2.00 
0.02 
4.00 
6.00 
7.98 
-0.03 
-0.01 
0.00 
0.00 
-0.04 
-0.01 
4.01 
-0.01 
-0.01 
-0.01 
-0.02 
-2.03 
-0.03 
4.62 
1.96 
5.99 
8.00 
9.97 
-0.01 
-0.01 
-0.04 
-0.02 
-0.01 
-0.01 
- 0 . 0 2  
3.97 
3.98 
7.98 
8.00 
3.98 
(c) C r , v t  = 24.38 cm; symmetrical v e r t i c a l - t a i l  a i r f o i l ;  
t + = 2 O ;  4& = Oo;  bas ic   in te r fa i r ing  
N P R  
1.012 
1.012 
1.007 
1.009 
1.008 
0.990 
0.952 
2.021 
0.999 
3.512 
6.005 
10.055 
6.005 
5.666 
0.999 
4.304 
1.125 
1.104 
1..105 
1.105 
1.106 
1.104 
1.105 
1.107 
1.106 
2.009 
1.107 
2.017 
3.507 
4.193 
6.026 
7.989 
1.100 
4.007 
4.183 
1.105 
a.013 
c L  
_. . 
-0.0118 
-0.0419 
-0.0107 
0.0211 
0.0768 
0.0526 
-0.0124 
0.0968 
-0.0109 
-0.0113 
-0,0114 
-0.0129 
-0.6133 
0.0513 
-0.0138 
0.0011 
0.0013 
0.0024 
0.0091 
0.0093 
0.0171 
0.0271 
0.0405 
0.0860 
0.0615 
0.0097 
0.0097 
0.0089 
0.0081 
0.0085 
0.0082 
0.0265 
0.0077 
0.0258 
0.0258 
0.0597 
0.0605 
c D  
0.0247 
0.0227 
0.0228 
0.0231 
0.0260 
0.0508 
0.0370 
0.0231 
0.0219 
0.0223 
0.0198 
0.0217 
0.0246 
0.0245 
0.0234 
0.0079 
0.0063 
0.0084 
0,0082 
0.0085 
0.0090 
0.0123 
0.01?3 
0.0245 
0.0086 
0.0067 
0.0068 
0.0069 
0.0067 
0.0062 
0.0055 
0.0099 
0.0084 
0.0083 
0.0170 
0.0154 
0.0103 
-L.  
0.0103 
0.0443 
-0.0271 
0.0090 
-0.0639 
-0.0920 
-0.1161 
0.0109 
0.0091 
0.0097 
0.0097 
0.0111 
-0.0627 
0.01E3 
0.0106 
-0.0094 
-0.0091 
-0.0150 
-0.0077 
-0.0152 
-6.0236 
-0.0360 
-0.0514 
-0.1044 
-0.0762 
-0.0155 
-0.0154 
-0.0147 
-0,0141 
-0.0136 
-0.0135 
-0.0347 
-0.0337 
-0.0749 
-0.0742 
-0.01~0 
-0.033e 
~ 
M 
0.901 
0.899 
0.898 
0.900 
0.899 
0.850 
0.849 
0.849 
0.850 
0.852 
0.849 
0.798 
0.800 
0.801 
0.801 
0.798 
0.798 
0.597 
0.600 
0.602 
0.601 
0.600 
0.600 
0.599 
0.597 
0.603 
0.602 
0.601 
0.601 
0.600 
0.601 
0.600 
0.599 
0.599 
0.599 
0.600 
0,600 
0.599 
a, deg 
7.99 
7.98 
7.99 
7.98 
-0.01 
-0.01 
-0.02 
-0.01 
-0.01 
-0.00 
-0.03 
-0.01 
-0.01 
-0.01 
-0.00 
-0.01 
-0.03 
-0.03 
-2.01 
-0.01 
1.99 
3.97 
5.93 
7.98 
-0.02 
9.97 
-0.01 
-0.01 
-0.01 
-0.00 
-0.02 
3.97 
7.99 
7.98 
7.98 
7.98 
7.99 
7.98 
N P R  
3.521 
4.205 
6 . 0 0 0  
8.005 
1.102 
1.085 
1.974 
3.997 
3.506 
8.007 
1.083 
2.010 
1 .Ob8 
3.906 
5.002 
6.021 
1 .Ob5 
1.031 
1.032 
1.032 
1.032 
1.032 
1.032 
1.032 
1.032 
2.011 
1.033 
3.410 
4.017 
6.009 
3.391 
8.008 
1.032 
3.413 
1.993 
4.025 
6,037 
8.002 
c L  
0.0604 
0.0602 
0.0607 
0 .0603  
0.0093 
0.0084 
0.0087 
0.0081 
0.0079 
0.0076 
0.0079 
0.0070 
0.0070 
0.0068 
0.0067 
0.0066 
0.0068 
0.0053 
-0.0060 
0.0063 
0.0184 
0.0312 
0.0463 
0.0619 
0.0780 
0.0063 
0.0058 
0.0058 
0.0055 
0.0056 
0.0048 
0.0293 
0.0611 
0.0617 
0.0619 
0 0622 
0.0621 
0.0626 
c D  I 
0.0156 
0.0193 
0.0150 
0.0084 
0.0141 
0.0079 
O.OO(r3 
0.0664 
0.0063 
0.0076 
0.0077 
0.0063 
0.0064 
0,0061 
0.0051 
0.0077 
0.0073 
0.0075 
0.0073 
0.0078 
0.0091 
0.0114 
0.0149 
0.0197 
0.0063 
0.0076 
0.0064 
0.0062 
0.0057 
0.0051 
0.6080 
0.0147 
0.0139 
0.0050 
0.0139 
0.0139 
0.0134 
0.0128 
-0.0749 
-0.0747 
-0.0733 
-0.0745 
-0.0151 
-0.0130 
-0.0127 
-0.0121 
-0.0121 
-0.0120 
-0.0118 
-0.0104 
-0.OlOC 
-0.0103 
-0.0104 
-0.0102 
-0.0101 
-0.0077 
-0.0085 
0.004s 
-0.0215 
-0.0363 
-0.0553 
-0.0716 
-0.0912 
-0.0090 
-0 .0082  
-0.0077 
-0.0074 
-0.0341 
-0.0707 
-0.0714 
-0.0715 
-0.0719 
-0.0722 
-o.ooaz 
-0.oo80 
0;600 -0;03  1 2  0,0056 ,0076 - .0081 
-0;0727 
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TABLE 11.- Continued 
' r , v t  = 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
+t = 40; 4 = Oo; b a s i c  
t i n t e r f a i r i n g  
M a,deg  NPR C L  c D  
I " . . . . . . . 
1 0201 
1.202 
1.199 
1.202 
1.203 
1,201 
1.197 
1.203 
1.204 
1.202 
1.202 
1.201 
1,201 
1,201 
1.201 
1.202 
1.202 
1.150 
1.202 
1.148 
1.152 
1.151 
1,150 
1.149 
0.940 
0.940 
0.943 
0.940 
0.941 
0.941 
0.900 
0.899 
0.899 
0.901 
0.898 
0.898 
0.897 
0.898 
0.899 
0.901 
0.899 
0.902 
0.897 
0.896 
0.902 
0.900 
0.901 
0.901 
0.900 
-1 .96 
0.00 
1.99 
4.111 
6.01 
8.fJl 
-0.00 
-0.02 
-0.01 
0 . 0 1  
0.01 
4.01 
0.01 
3.99 
4.00 
4 . 0 1  
-0.61 
3.99 
-0.02 
-0.00 
0.00 
0.01 
0.01 
-0.00 
0.01 
0.01 
-0.02 
0 . 0 1  
0.02 
-1.98 
2.02 
0.00 
5.99 
4.01 
k.OU 
10.01 
-0.02 
0.01 
-0.03 
0.03 
0.01 
0.01 
0.01 
-0.01 
4.00 
3.9n 
4.00 
4.01 
3.98 
0.994 
0.989 
0.993 
0.989 
0.989 
0.939 
0.993 
2 . 0 0 6  
0.982 
5.997 
3.500 
9.983 
0.981 
2.017 
3.508 
5.987 
9.996 
0.987 
0.973 
3.496 
1.995 
5.608 
9.976 
0.984 
2,011 
1.123 
3.498 
0.317 
8.013 
1.121 
1,102 
1.102 
1.102 
1.102 
1.104 
1,105 
1.104 
1,105 
2.004 
1.103 
3.491 
5,999 
4.204 
7.989 
2.010 
1.102 
3.507 
6.036 
4.208 
-0.0255 
-0,0248 
-0.0559 
0.0076 
0.0410 
0.0723 
0.0901 
-0,0260 
-0.0255 
-0.0252 
-0.0246 
-0.0252 
0.0408 
0.0409 
0.0403 
0.0406 
-0.0264 
.0.0407 
-0.0276 
-0.0271 
-0.0270 
-0,0268 
-0.0273 
-0,0088 
-0.0268 
-0,0090 
-0.0091 
-0.0090 
-0,0096 
-0.0014 
-0.0095 
-0.0076 
-0.0010 
0.0176 
0.0071 
0.0300 
0.0745 
0.0501 
-0.0004 
-0,0009 
-0.0013 
-0.OOlb 
-0,0017 
-0.0019 
0.0161 
0.0163 
0.0162 
0.0164 
0.0162 
0.0258 
0.0286 
0.0259 
0,0272 
0.0255 
0.0317 
0.0371 
0.0263 
0.0209 
0.0247 
0 .0252  
0.0227 
0.0274 
0.0262 
0.0265 
0.0240 
0.0259 
0.0262 
0.0276 
0.0265 
0.0267 
0.0262 
0.0239 
0.0275 
0.0099 
0.0082 
0.0080 
0.0069 
0.0081 
0.0098 
0.0097 
0.0097 
0.0100 
6.0104 
0.0097 
0.0164 
0,0121 
0.0234 
0.0099 
0.0082 
0.0083 
0.0075 
0.0081 
0.0105 
0.0068 
0.0087 
0.0089 
0.0088 
0.0083 
C 
rn 
0 . 0 ~ 6 ~  
. .  
0.0611 
0.0259 
-0.0109 
-0,0491 
-0.0861 
-0.1074 
0.0273 
0.0267 
0.0257 
0.0261 
0.0260 
-0. 049 1 
-0,0492 
-0,0490 
-0.0480 
-0.0491 
0.0877 
0.0276 
0.0269 
0.027U 
0.0270 
0.0272 
0.0269 
0.0009 
0.0010 
0.0011 
0.0015 
0.0018 
-0.0013 
0.0036 
-0.0036 
-0.01au 
-0.0396 
-0.0251 
-0.0635 
-0.0082 
-0.0914 
-0.0036 
-0.0037 
-0.0028 
-0.0030 
-0.0027 
-0.0239 
-0,023 1 
-0.0232 
-0.0235 
-0.0213 
o . o o o e  
M 
. . .  
0.901 
0.896 
0.900 
0.900 
0.901 
0.901 
0.900 
0.902 
0.850 
0.851 
0.852 
0.852 
0.850 
0.850 
0,801 
0.800 
0.802 
0.803 
0 . 8 0 0  
0.801 
0.599 
0,600 
0.603 
0.601 
0,600 
0.599 
0,600 
0,600 
0.601 
0.602 
0.602 
0.603 
0.602 
0.601 
0,600 
0.599 
0.600 
0.599 
0.601 
0.600 
0.599 
0.601 
0.600 
0 . 6 0 0  
0.601 
0.599 
0.601 
N P R  c L  
0.00 
7.98 
8.01 
8.00 
8.00 
8.01 
7.99 
-0.01 
-0.02 
0.00 
-0.01 
0.00 
-0.01 
0.00 
0.01 
-0.02 
0.00 
-0.01 
0.01 
-0.00 
-2.02 
2.00 
0.00 
b.02 
4.01 
10.00 
8.01 
-0.01 
-0.00 
0.01 
0.01 
3.99 
4.00 
4.01 
4.Ul 
3.99 
8.01 
8.01 
8.01 
8.01 
7.99 
8.00 
0.00 
0.01 
o.n2 
0.01 
4.02 
8.033 
1.102 
2.011 
4.184 
3.501 
6.034 
7.995 
1.102 
1.083 
2 . 0 0 2  
-3.995 
3.495 
8.015 
1.082 
1.989 
1,068 
3.915 
5.013 
7.978 
1.068 
1.031 
1.032 
1.032 
1.032 
1.032 
1.033 
1.033 
1.032 
1,033 
1.985 
4.037 
3.377 
6.012 
1.031 
3.388 
1.972 
6.029 
3.988 
7.997 
1.032 
1.969 
0.004 
3.397 
5.983 
7.990 
1.032 
7,971 
0.0159 
0.0498 
0.0497 
0.0498 
0.0498 
0.0503 
0.0503 
-0.0012 
-0.0012 
-0.0013 
-0.0016 
-0.0019 
-0.0016 
-0.0020 
-0,0019 
-0.0017 
-0.0622 
-0.0020 
-0.0025 
-0,0019 
-0.0015 
-0.0013 
-0.0113 
0.0110 
0.0237 
0.0387 
0.0542 
0.0681 
-0.0015 
-0.0020 
-0.0013 
-0,0025 
-0.0020 
-0,0025 
0 ,0227  
0.0225 
0.0224 
0.0227 
0.0230 
0.0229 
0.0540 
0.0538 
0,0537 
0.0538 
0.0543 
0.0539 
-0.0013 
c D  
0.0075 
0.0161 
0.0150 
0.0150 
0.0149 
0.0144 
0.0137 
0.0100 
0.0093 
010077 
0.0078 
0.0076 
0.0064 
0.0091 
0.0090 
0.0075 
0.0075 
0.0063 
0.0073 
0.0089 
0.0089 
0 . 0 0 8 3  
0.0083 
0.0084 
0.0095 
0.0116 
0.0147 
0.0190 
0.0085 
0.0072 
0.007U 
0.0068 
0.0072 
0.0061 
0.0092 
0.0083 
0.0085 
0.0079 
0 . 0 0 8 U  
0.0073 
0.0138 
0.0137 
0.0138 
0.0133 
O.Ol2b 
0.0085 
0.0147 
C 
" 
rn 
-0.0228 
-0.0621 
-0.6631 
-0.0627 
-0.0631 
-0.0637 
-0.063t 
-0.0037 
-0.0024 
-0.0025 
-0.0020 
-0,0019 
-0,0019 
-0.0015 
-0.0011 
-0.0015 
-0.0009 
-0.0009 
-0.0013 
-0.oooe 
-0.0012 
0.0120 
-0.0010 
-0.0286 
-0.0144 
-0.0137 
-0.0457 
-0 .0806  
-0.0003 
-0.0011 
-0.0003 
-0.0001 
0 . 0 0 0 0  
-0.0272 
-0.0269 
-0.0267 
-0.0272 
-0.0275 
-0.0275 
- 0 . 0 6 N  
-0.0626 
-0.0630 
-0.0633 
-0.0635 
-0.0633 
-0.0009 
- o . o o o e  
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TABLE I I .- Concluded 
M 
1.203 
1.201 
1.202 
1.199 
1.200 
1.108 
1.197 
1 .200 
1 .2Ol 
1.199 
1.199 
1.199 
1 .zoo 
1.150 
0.940 
1.149 
0.9UO 
0.899 
0.899 
0.896 
0.902 
0.898 
0.900 
0.898 
0 .a98 
0.899 
0.902 
0.901 
0.90 1 
( e )  c ~ , ~ ~  = 28.19 cm; symmetrical v e r t i c a l - t a i l  a i r f o i l ;  
J, = O o ;  Qt = Oo; bas ic  in te r fa i r ing  t 
N P R  
-2.01 
0.00 
0.01 
4.01 
1.99 
6.00 
-0.03 
8.01 
-0.01 
- 0 . 0 0  
0.00 
0.01 
-0.01 
4.00 
0.00 
0.00 
0.01 
-1.99 
0.02 
3.99 
5.99 
8.00 
10.01 
-0.01 
-0 .01  
0.01 
0.01 
0 . 0 0  
2 . 0 0  
1.023 
1 .O26 
1.n21 
1.020 
1.016 
0.956 
0.978 
1.015 
1.989 
3.491 
10.021 
5.984 
5.992 
1.015 
5.612 
1.123 
4.291 
1.108 
1.109 
1.107 
1.108 
1.103 
1,106 
1.109 
1.110 
1.111 
1.983 
4.180 
3.497 
~ 
-0.0034 
- 0 . 0 3 3 8  
-0.0029 
0.0273 
0.0574 
0.0770 
0.0996 
-0.0043 
-0.0035 
-0.0035 
-0.0039 
-0 .0040  
0 .OS64 
-0.0050 
-0.0043 
0.0108 
0.0099 
0.0194 
0.0132 
0.0201 
0.0361 
0.0262 
0.0705 
0.0481 
0.0187 
0.0960 
0,0181 
0.0178 
0.0178 
c D  
0.0215 
0,0228 
0.0215 
0.0226 
0.0257 
0 . 0 3 0 8  
0.0374 
0.0218 
0.0204 
0.0210 
0.0203 
0.0186 
0.0244 
0.0229 
0.0217 
0.0084 
0.0069 
0.0092 
0.0084 
0.0093 
0.0116 
0.0140 
0.6188 
0.0095 
0.0263 
0.0077 
0.0079 
0.0077 
o.ola3 
'm 
-0,0005 
-0.0011 
0.0337 
-0.0359 
-0.0702 
-0.092@ 
-0.1201 
- O . O O O @  
0.0002 
-0.0009 
-0.0001 
-0.0693 
-0.0009 
0.0000 
-0.0198 
-0.0111 
-0.0265 
-0.0195 
-0.0276 
-0.0342 
-0.0463 
-0.0607 
-0.0869 
-0.1163 
-0.0261 
-0.0247 
-0,0243 
-0.024u 
-o.ooau 
M 
0.900 
0.898 
0.900 
0.899 
0.901 
0.900 
0.900 
0.900 
0.900 
0.899 
0.847 
0,851 
0.800 
0.802 
0.598 
0.602 
0,601 
0.601 
0.601 
0.599 
0.597 
0,602 
0.601 
0,601 
0.601 
0.599 
0.600 
0.599 
0.600 
0.601 
0.600 
0.602 
3.598 
a ,  d e 9  
0.01 
-0.01 
R.01 
3.99 
8.01 
8.01 
8 . 0 0  
8.01 
8.01 
-0.02 
0 . 0 0  
-0.02 
0.02 
-0.00 
0.00 
-2.01 
0.02 
2 . 0 0  
3.98 
5.98 
1 .99  
10.01 
0 . 0 0  
0.02 
0.01 
-0.01 
-0.02 
0.01 
4.00 
8,OO 
8.02 
8.00 
8 . 0 0  
8.01 
0.01 
8.02 
N P R  
6.021 
8.012 
4.203 
1,105 
3.497 
1,993 
6.007 
4.210 
8.003 
1.104 
1.086 
4.010 
1.071 
3.878 
1.034 
1 .035 
1,.035 
1 .OS5 
1.035 
1 .OS5 
1.035 
1.035 
1.035 
2.020 
3.408 
4.026 
5.992 
7.999 
3.416 
1.033 
2.013 
3.394 
3.997 
6.015 
8,029 
c L   c D  
0.0175 
0.0169 
0.0336 
0.0715 
0.0702 
0.0705 
0.0708 
0.0708 
0.0707 
0.0197 
0.0204 
0.0200 
0.0162 
0.0163 
0.0126 
0.0003 
0.0130 
0.0258 
0.0390 
0.05U3 
0.0698 
0.0864 
0.0137 
0.0135 
0,0141 
0.0133 
0.0126 
0.0128 
0.0388 
0.0704 
0.0708 
0.0713 
0.0713 
0.0712 
0.0711 
0.0124 
0.0072 
0.0065 
0.0100 
0.0189 
0.0174 
0.0174 
0.0173 
0.0169 
0.0160 
0.0093 
0.0069 
0.0078 
0.0066 
0.0071 
0.0074 
0.0074 
0.0081 
0.0096 
0.0123 
0.0160 
0.0212 
0.0076 
0.0064 
O.OOC3 
0.0062 
0.0058 
0.0051 
0.0086 
0.0150 
0.0152 
0.0152 
0.0145 
0.01uo 
0.0075 
0.0083 
0.0160 
C 
m 
-0.0237 
-0.0229 
-0.0424 
-0.0876 
-0.0860 
-0 .0862 
-0.0867 
-0.0867 
-0.0863 
-0.0266 
-0.0255 
-0.0251 
-0,0202 
-0.ozou 
-0.0155 
-0.0020 
-0.0159 
- 0 . 0 3 0 0  
-0.044c 
-0.0120 
-0,0803 
-0.1004 
-0.0166 
-0.0165 
-0.0157 
-0.0133 
-0.0149 
-0,0150 
-0.0433 
-0.0801 
- 0 . 0 8 0 3  
-0.0809 
-0.0810 
-0.0810 
-0 .0807 
-0.0151 
0.601 
0.600 
0.601  1,.033 ~
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TABLE 111.- BASIC  FORCE AND MOMENT  DATA  FOR  CONFIGURATION  WITH 
HORIZONTAL  TAILS  AFT  AND  VERTICAL  TAILS  FORWARD 
( a )  C r , v t  = 24.38 cm; symmetrical 
(I, = 0 ' ;  @t = Oo;  basic t 
M a , d e g  N P R  C L  c D  c m  
0.942 
0.939 
0.939 
0.938 
0.939 
0.901 
0.940 
0.900 
0.901 
0.900 
0.902 
0.900 
0.897 
0.899 
0.900 
0.901 
0.898 
0.898 
0.901 
0.899 
0.898 
0.900 
0.896 
D.900 
3.899 
3.899 
1.900 
3.902 
3.899 
1,899 
).900 
1.897 
1.902 
1.902 
). 854 
1.852 
b.850 
b.850 
1.848 
1.851 
1.798 
1.799 
1.801 
1.800 
1.800 
1.801 
- 0 . 0 0  
0 . 0 0  
0.01 
0.01 
-0.00 
0.02 
-0.01 
-2.00 
-0.02 
1.98 
5.99 
3.97 
8 . 0 0  
9.96 
-0.03 
-0.00 
-0.19 
-0.03 
0.01 
4.03 
0.00 
3.98 
3.99 
3.99 
4.00 
4.01 
8.01 
8.00 
8.01 
7.98 
0.01 
8.00 
7.99 
-0.01 
-0.01 
0.01 
0.00 
0.01 
-0.01 
0.01 
-0.01 
-0.05 
-0.02 
-0.01 
-0.00 
-0.03 
2.032 
1.123 
3.501 
4.301 
7.990 
1.117 
1.110 
1.111 
1.110 
1.104 
1.110 
1.106 
1.109 
1.108 
1.112 
2.021 
3.501 
5.980 
4.182 
8.015 
2.601 
1.102 
3.509 
5.976 
4.214 
8.025 
1.994 
1.106 
3,487 
4.192 
4.216 
6.014 
8.017 
1.110 
1 .093 
3.500 
1.983 
8.027 
4.013 
1.090 
2.025 
1.076 
3.913 
5.010 
7.993 
I .073 
0.0089 
0.0086 
0.0083 
0.0069 
0.0088 
0,0085 
0.0147 
0.0094 
0.0148 
0.0290 
0.0221 
0.0405 
0.0579 
0.0135 
0.0767 
0.0128 
0.0133 
0.0133 
0,0125 
0.0119 
0.0279 
0.0255 
0.0267 
0.0212 
0,0258 
0.0563 
0.0250 
0.0564 
0.0550 
0.0566 
0.0$66 
0.0552 
0.0568 
0,0128 
0.0152 
0.0149 
0.0147 
0.0138 
0.0131 
0.0151 
0.0126 
0.012s 
0.0124 
0.0120 
0.0129 
0.0144 
0.0093 
0.0078 
0.0079 
0.0078 
0.0066 
0.0098 
0.0097 
0.0092 
0.0118 
0.0105 
0,0140 
0.0181 
0.0096 
0 0237 
0.0080 
0.0080 
0.0079 
0.0074 
0.0067 
0.0113 
0.0098 
0.0100 
0.0099 
0.0094 
0.0175 
0,0088 
0.0159 
0.0161 
0.0090 
0.0161 
6.0181 
0.0148 
0.0156 
0.0093 
0,0088 
0.0074 
0.0073 
0 . 0 0 6 0  
0.0072 
0.0083 
0.0086 
0.0069 
0.0069 
0.0066 
0.0057 
0.0081 
-0.0152 
-0.0141 
-0.0146 
-0.0171 
-0.0150 
-0.0189 
-0.0140 
-0.0210 
-0.0311 
-0.06OC 
-o.ozoc 
-0.oua9 
-0.0076 
-0.1143 
-0.0195 
-0.0181 
-0.018P 
-o.olee 
-0.017~ 
-0.0170 
-0 .0411  
-0.0389 
-0.0376 
-0.0384 
-0.0367 
-0.0852 
-0,0830 
-0.0847 
-0.0850 
-0,0852 
-0,0851 
-0.0832 
-0.0187 
-0.0199 
-0.0191 
-0.0193 
-0.0186 
-0.0196 
-0.0160 
-0.0161 
-0.0159 
-0.0154 
-0.Oltr3 
-0.037~ 
-0.017e 
- 0 . 0 1 c e  
M 
1.201 
1.199 
1.199 
1 .zoo 
1.202 
1.201 
1.199 
1.199 
1.198 
1.199 
1.201 
1.200 
1.200 
1.201 
1.201 
1.199 
1.202 
1.199 
1 .zoo 
0.598 
0.598 
0.601 
0.602 
0.600 
0.599 
0.598 
0 .S90 
0.602 
0.600 
0.602 
0.600 
0.602 
0.600 
0.598 
0.599 
0.600 
0.600 
0.601 
0.599 
0.602 
0,601 
0.602 
0.601 
0.601 
0.601 
0.600 
v e r t i c a l - t a i l  a i r f o i l ;  
i n t e r   f a i r i n g  
a, d e g  N P R  
~ 
-2.02 
0.00 
0.00 
3.99 
1.98 
6.01 
7.99 
-0.02 
-0.00 
0.00 
0.01 
0.01 
-0.02 
4.01 
4.01 
3.99 
9.00 
4.00 
-0.01 
0.00 
-1.98 
-0.01 
4.00 
1.99 
6.01 
8 . 0 0  
-0.01 
10.00 
0.01 
0.00 
0.02 
0.01 
0.01 
3.99 
4.00 
4.00 
9.00 
3.99 
4.09 
8.01 
8.01 
8.01 
7.98 
8.01 
8.00 
-0.01 
0.978 
0.988 
0.975 
0.951 
0.968 
0.954 
0.913 
0.970 
2.002 
3.494 
10.067 
5.974 
10.019 
0.947 
2.028 
3.493 
10.084 
6.011 
0.961 
1.037 
1.039 
1.038 
1.038 
1 .O37 
1.037 
1.037 
1.038 
1.039 
2.018 
4.006 
3.394 
6,000 
8.002 
1.034 
3.395 
1.986 
3.986 
5.995 
8,012 
1.035 
2.009 
3.415 
4.013 
6.019 
8.014 
1.035 
c L  c D  C rn 
-0.0052 
-0.0341 
-0.0047 
0.0523 
0.0235 
0.0709 
0.0884 
-0.0063 
-0.0063 
-0.0064 
-0.0055 
-0.0065 
-0.0065 
0.0522 
0.0527 
0.0524 
0.0527 
0.0523 
-0.0064 
0.0090 
-0.0036 
0.0086 
0.0222 
0.0361 
0.0523 
0.0829 
0.0665 
0.0081 
0.0078 
0.0077 
0.0080 
0.0074 
0.0077 
0.0356 
0.0350 
0.0351 
0.0354 
0.0349 
0.0350 
0.0671 
0.0676 
0.0676 
0.0676 
0.0682 
0.0685 
0.0100 
0.0225 
0.0221 
0.0239 
0.0263 
0.0234 
0.0358 
0.0229 
0.0216 
0.0220 
0.0210 
0.0189 
0.6189 
0.0250 
0.0263 
0.0255 
0.0244 
0.0222 
0.0227 
0.0080 
0.0081 
0.0064 
0.0078 
0.0097 
0.0122 
0.0206 
0.0156 
o.no70 
0.0002 
0.0070 
0.0069 
0 0058 
0.0063 
0 0089 
0.0098 
0.0091 
0.0090 
0.0079 
0.0086 
0.0160 
0.0151 
0.0153 
0.0152 
0.0147 
0.6141 
0.0083 
0.0303 
0.000' 
0.038; 
- O . O O O (  
-0.0174 
-0.0381 
-0.124i 
-0.1011 
0.001i 
0.001r 
0 . 0 0 0 ~  
0.001~ 
0.0015 
0.0017 
-0.0785 
-O.O7f!i 
-0.0785 
-0.0777 
-0,0125 
0 . 0 0 1 a  
0.0045 
-0.0302 
-0.0120 
-0.OU9U 
-0.0724 
-0.0934 
-0,0105 
-0.010F 
-0.0106 
-0.0102 
-0.0100 
-0.0097 
-0.0471 
-0.0481 
-0,0471 
-0.0475 
-0.0071 
-0.0469 
-0.0933 
-0.07~4 
-0.11et 
-0.0938 
-0.093e 
-0.093e 
-0.0950 
-0.0906 
-0.0116 
- "" 
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TABLE I11 .- Continued 
(b )   c r lV t  = 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
+ = - 2 O ;  Q = Oo; b a s i c  i n t e r f a i r i n g  t t 
r - M  a , d e g  N P R  C L  c D  a , d e g  N P R  
1.199 
1.196 
1.199 
1.203 
1,201 
1.198 
1.195 
1.199 
1 . z o o  
1.201 
1.202 
I .202 
1 . Z O O  
1.201 
1 .zoo 
1.201 
1.199 
1.201 
1.150 
1.147 
1.150 
I - I50 
l ; i 5 3  
1.147 
0.941 
1.150 
0.942 
0.938 
0.938 
0.937 
0.940 
0.990 
0.902 
0.900 
0.902 
0.902 
0 .898 
0.899 
0.898 
0.898 
0.901 
0.899 
0.902 
0.901 
0.900 
0.901 
0.903 
0.902 
0.901 
0.900 
- o . n l  
- 2 . 0 0  
- 0 . 0 1  
2.01 
5.99 
0.01 
-0.00 
7.98 
-0.01 
-0.01 
- 0 . 0 0  
-0.00 
u.01 
4.00 
3.99 
u.00 
-0 .01 
4.00 
-o.on 
-0.02 
- 0 . 0 0  
0.00 
-0 .01 
- 0 . 0 2  
n.nl 
0.01 
-0.01 
0 . 0 0  
0 .01  
0 . 0 1  
0.01 
0.01 
- 2 . 0 0  
0 . 0 0  
- 0 . 0 0  
2 . 0 2  
6.01 
4.03 
9.99 
8.01 
-0.00 
0.00 
- 0 . 0 0  
0 .01  
-0.00 
3.9u 
3.99 
4.01 
0.01 
0.00 
0.972 
0.950 
Q.939 
0 .931  
0.902 
2 . 0 0 5  
0.966 
6 .009  
3.519 
10.024 
0.931 
I .953 
5.994 
3.  u92 
10.023 
0.964 
0.9S9 
1.979 
3.011 
3.492 
5.606 
9.986 
0.963 
1.112 
2.006 
2.002 
3.514 
8.013 
4.322 
1.107 
1.110 
1.109 
1.107 
1.101 
1.092 
1.097 
1.106 
1.108 
2.010 
1.108 
4.204 
3.501 
5.997 
8.018 
1.091 
1.990 
3.991 
4.201 
0.971 
0.970 
-0.OZU5 
ll.0034 
0.0036 
0.0319 
0 .0593  
0.0807 
0.0939 
0.0021 
n.oo26 
0.0023 
o.on24 
0.0019 
0.0592 
0.0583 
o .0580 
0.0583 
0.0585 
0.0035 
0.0031 
0.0038 
0.0036 
0.0030 
0.0026 
0 . 0 0 3 8  
0.0131 
0.0131 
0.0140 
0.0127 
0.0139 
0 .0218  
0.0100 
0.0219 
0.0165 
0.0285 
0.0352 
0.0457 
0.0683 
0.0854 
0.0216 
0.0201 
0.0198 
0.0197 
0.0190 
0.0179 
0.0314 
0.0321 
0.0325 
0.0017 
0.6142 
0.0320 
0.0739 
0.u207 
0.023q 
0.0253 
0.028t 
U.0331 
0.0393 
0 . 0 2 0 1  
0.0230 
0.0233 
3.n223 
n.0201 
0.02H7 
0.0274 
U.0277 
O.l1?6t! 
0.02u7 
0 . 0 2 5 2  
0.n241 
0.02U5 
o . n z u u  
0 .0237  
0.0210 
0.0252 
0.0115 
0.0099 
0.0100 
0.0103 
0.6102 
0.0090 
0.0113 
0.0122 
0.0112 
0.0122 
0.0133 
0.0150 
0.0175 
0.0225 
0.0282 
0.0122 
0.0108 
0.0106 
0.0106 
0.0102 
0.0095 
0.01YS 
0.0135 
0.0132 
n.ozuo 
0.0134 
-o.ooqe 
0.027: 
- n . n ~ n l  
-0.00~5 
- 0 . 0 8 5 5  
-0. l 1 3 t  
-0.1307 
-0.0091 
-0.ouL)u 
-0.0091 
- 0 . o o e e  
-0 .noe3 
-n. 0 ~ 5 s  
-0 .0esc 
-U.OPUS 
-O.(18US 
-0.neu7 
-0.0121 
-o.one: 
-0 .0115 
-0.0125 
-v.o121 
- n . o 1 1 3  
-0.0107 
-0.0124 
-0.0189 
- 0 . 0 1 7 ~  
- 0 . 0 1 8 ~  
-0.01.77 
-0.0170 
-0.01@9 
-0 .026C 
-0.0189 
-0 ,0191  
-0.0261 
-0.0358 
-0.046e 
-0.0639 
-0.0981 
-0.1232 
-0.OZb3 
-0.0292 
-0.0238 
-0.0238 
-o.ozzc 
-0 .0234 
-0.oa30 
-0.0423 
-0,0432 
-0.ou3c 
0.902 
0.899 
0.896 
0.901 
0.898 
0.903 
0.900 
0.902 
0.902 
0.850 
0.852 
0.850 
0.851 
0.849 
0.849 
0.803 
0.802 
0.800 
0.799 
0.800 
0 ,801  
0.601 
0.600 
0,601 
0.599 
0.599 
0.600 
0.599 
0.601 
0.600 
0.601 
0.602 
0.603 
0.602 
0.602 
0.601 
0 .spa 
0.600 
0.602 
0,600 
0.600 
0.599 
0.598 
0.599 
0.600 
0.599 
0.600 
0.601 
0,601 
_. - 
3.98 
u.00 
8.01 
7.99 
8 . w  
7.99 
8.01 
6.01 
-0.01 
-0.01 
-0.00 
0.ou 
-0 .01 
0.01 
-0.02 
-0.01 
-0.01 
0.01 
-0.01 
0 . 0 0  
-0.02 
0 . 0 0  
-1.98 
1.99 
-0.01 
2 .00  
u.01 
5 .99  
10.01 
7.99 
-0.01 
0 . 0 0  
0.01 
0 . 0 0  
0 .00  
u.00 
0 . 0 0  
4 .02  
0.01 
3.99 
u.00 
4.01 
7.98 
8.02 
8.02 
7.99 
7.99 
8.n1 
-0.00 
6.001 
7.960 
2.002 
1.103 
3.494 
5.988 
4.216 
8.014 
1.106 
2.007 
1.090 
3.502 
4.020 
8.006 
1.087 
1.076 
2.006 
5.016 
3.916 
7.980 
1.074 
1.037 
1.037 
1.038 
1.037 
1.036 
1.036 
1.036 
1.037 
1.038 
2.005 
1.037 
3.920 
3.994 
6.016 
8.015 
1.035 
1.998 
3.409 
9 .011  
6.013 
7..997 
2.015 
1.035 
3.399 
6.008 
4.020 
8.018 
1.036 
0.0317 
0.0321 
0.0669 
0,0654 
0.0669 
0,0656 
0.0665 
0.0656 
0.0206 
0.0239 
0.0226 
0.0225 
0.0224 
0.0206 
0.0228 
0.0231 
0.0223 
0.0220 
0.0217 
0.0207 
0.0221 
0.0171 
0.0311 
0.0045 
0.0178 
0.0509 
0.0455 
0.0614 
0.0780 
0.0923 
0.0176 
0.0170 
0.0170 
0.0163 
0.0165 
0.0153 
0.0439 
0.0438 
0.0495 
0.0435 
0.0934 
0.0436 
0.0767 
0.0775 
0.0774 
0.0773 
0.0773 
0.0773 
0.0174 
0.0129 
0.0123 
0.0221 
0.6204 
0.0208 
0.0206 
0.0202 
0.0194 
0.0120 
0.0115 
0.0100 
0.0102 
0.0101 
0.0089 
0.0112 
0.0102 
0.0089 
0.0089 
0.0086 
0.0076 
0.0101 
0.0086 
0.0095 
0.0087 
0.0087 
0.0096 
0.011‘3 
0.0142 
0.0113 
0.0234 
0.0078 
0.0078 
0.0072 
0.0065 
0.0110 
0.0102 
0.0105 
0 . 0 1 0 ~  
0.0098 
0.0093 
0.0181 
0.0173 
0.0175 
0.0174 
0.0169 
0.0089 
0.0090 
0.0077 
0.0162 
-0.0429 
-0.OU34 
-0.0962 
-0.0947 
-0.0962 
-0.095P 
-0.0961 
-0.0253 
-0.0279 
-0.0253 
-0 .0293  
- 0 . 0 9 4 ~  
-0.oas3 
-o.o22n 
-0 .0154  
-0.0231 
-0.0250 
-0,0233 
-0.0230 
-0 ,0217 
-0.0293 
-0.0110 
-0.0369 
-0.0010 
-0 .O l81  
-0.0366 
-0.0565 
-0.0793 
-0.1036 
-0.1257 
-0.0185 
-0.0176 
-0.0175 
-0.OlbC 
-0.0167 
-0.0155 
-0.0514 
-0.0541 
-0.0547 
-0.0337 
-0.0537 
-0.0338 
- 0 . 1 0 1 ~  
-o . tozc  
-0.102c 
-0.1027 
-0.1029 
-0.1025 
-0,0182 
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TABLE 111.- Continued 
( c )  'r,vt = 24.38 cm; symmetrical ver t ica l - ta i l  a i r f o i l ;  
t J, = 2'; @t = Oo; basic i n t e r f a i r i n g  
M a , d e g  N P R  CL c D   C r n  T 
0.939 
0.939 
0.938 
0.937 
0.938 
0.901 
0.939 
0.900 
0.899 
0.899 
0.900 
0.897 
0.899 
0.899 
0.901 
0.901 
0.899 
0.899 
0.899 
0.899 
0.899 
0.898 
0.899 
0.901 
0.901 
0.901 
0.896 
0.899 
0.899 
0.901 
0.900 
0.899 
0.901 
1,201 
1.201 
1,201 
1.203 
1.201 
1,199 
1.197 
1,201 
I. 198 
1 .ZOO 
1.200 
1.199 
1.199 
1.199 
1.197 
0.01 
-0.00 
11.00 
-0.u1 
-0.02 
0.02 
-0.01 
-2.00 
-0.02 
1 .V8 
4.02 
6.01 
8.00 
-0.01 
0.01 
0.00 
0.03 
0.00 
0.00 
4.00 
4.01 
4.01 
3.99 
4.00 
8.01 
7 . 9 P  
8.01 
8.00 
7.99 
-0.02 
7.V9 
-0.01 
-1.99 
-0.02 
3.99 
2.01 
0.00 
7.99 
0.01 
0.01 
0.02 
0.02 
3.99 
4.00 
ln.01 
4 . n l  
5.98 
n . 0 0  
1.129 
1.999 
4.3(4 
3.513 
7.995 
1.109 
1.125 
1.111 
1.109 
1.109 
1.105 
1.110 
1.110 
1.111 
1.111 
2.01 1 
3.507 
4.213 
6.005 
0.026 
1.104 
2.021 
3.509 
4.210 
6.034 
7.993 
2.002 
3.514 
5.993 
4.211 
7,996 
0.963 
1.109 
0.969 
0.961 
0.9110 
0.953 
0.922 
0.937 
0.959 
3.539 
1.997 
3.529 
6.017 
10.022 
0.936 
1.992 
1.109 
-0.0010 
-0.0012 
-0.0011 
-0.0011 
-0,0018 
-0.0019 
-0.0009 
0.0053 
0.0057 
0.0129 
0.0213 
0.0510 
0.0314 
0.0045 
0.0668 
0.0037 
0.0048 
0.0038 
0.0033 
0.0031 
0.0191 
0.0192 
0.0190 
0.0182 
0.0183 
0.0180 
0.0500 
0.0505 
0.0505 
0.0498 
0.0499 
0.0502 
0.0040 
-0.0443 
-0.0139 
-0.0132 
0.0191 
0.0490 
0.0727 
0.0875 
-0.0141 
-0.6141 
-0.0141 
-0.0139 
-0.0138 
-0.0145 
0.0485 
0.0182 
~ 
0.0076 
0.0058 
0.0060 
0.0047 
0.0059 
0.0080 
0.0073 
0.0080 
0.0080 
0.0093 
0.0083 
0.0111 
0.0149 
0.0199 
0.0062 
0.0063 
0.0061 
0.0057 
0.0049 
0.0074 
0.0075 
0.0074 
0.0069 
0.0062 
0.0146 
0.0132 
0.0130 
0.0131 
0.0077 
0.0119 
0.0233 
0.0255 
0.0235 
0.0264 
0.0350 
o.ooao 
o.ooa9 
0.0126 
0.0238 
0.0305 
0.0235 
0.0226 
0 0229 
0.0218 
0 0229 
0.0264 
0.0196 
0.0251 
-0.006~ 
-0.0069 
-0.0067 
-0.0070 
-0.0064 
-0.0129 
-0,0063 
-0.0134 
-0.0093 
-0.0366 
-0.0229 
-0.081.7 
-0 .0527 
-0.0120 
-0.1003 
-0.0107 
-0.0120 
-0.0109 
-0.01ou 
-0.0099 
-0,0330 
-0,0333 
-0.0321 
-0.0323 
-0.0807 
-0.0796 
-0.0805 
-0.0800 
-0.0795 
-0,0794 
-0.01t3 
0.0109 
0.0514 
0.0100 
-0.0741 
-0.1050 
-0.1237 
0.0111 
0.0110 
0.0110 
0.0105 
0.0107 
0.0113 
-0.0732 
-0.033e 
-0.031e 
-0.0~3~ 
-0.073~ 
M a , d e g  N P R  C L   C D   C r n  
1.199 
1.201 
1.199 
1.147 
1.198 
1.149 
1.149 
1,150 
1.149 
1.149 
0.849 
0.852 
0.850 
0.850 
0.851 
0.801 
0.852 
0 , 8 0 0  
0.802 
0.802 
0,801 
0,598 
0.801 
0.601 
0.601 
0.599 
0.602 
0.599 
0.601 
0.599 
0.598 
0.600 
0.600 
0.603 
0.600 
0.600 
0.600 
0.600 
0.600 
0,600 
0.598 
0.601 
0.599 
0.601 
0.601 
0.601 
0.600 
0.603 
0.601 
3.98 
4.00 
3.99 
-0.00 
-0.01 
0.01 
-0.00 
0.00 
0.02 
0.01 
-0.00 
-0.00 
-0.01 
0.0-1 
0.01 
0.01 
0.01 
0.00 
0.02 
0.01 
-11.01 
-0.01 
-0.00 
- I  .99 
0.01 
2.01 
5.98 
3.99 
8.01 
9.90 
0.00 
-0.00 
0.01 
0.01 
0.00 
4.01 
0.01 
4.01 
4.00 
4.00 
3.99 
4.01 
7.90 
8.02 
8.01 
8.01 
7.98 
7.99 
-0.02 
3.504 
10.002 
6.011 
0.967 
0.954 
2.017 
5.605 
3.490 
9.955 
0.966 
2.001 
1.093 
3.507 
4.015 
1.091 
1.077 
1.996 
5.021 
3.903 
7.974 
1.036 
1.075 
1.037 
1.038 
1.036 
1.037 
1.037 
1.038 
1.039 
1.037 
3.393 
1.997 
5.994 
3.990 
7.978 
1 .a35 
3.~14 
1.999 
3.995 
5.998 
8.000 
1.036 
2.004 
3.406 
4.017 
6.013 
7.991 
1.036 
a.ooa 
0.0479 
0.0483 
0.0484 
-0.0155 
-0.0165 
-0.0165 
-0.0165 
-0.0169 
-0.0165 
-0.0165 
0.0046 
0.0042 
0.0039 
0.0039 
0.0034 
0.0039 
0.0035 
0.0033 
0.0033 
0.0031 
0.0031 
0.0030 
-0,0087 
0.0030 
0.0038 
0.0172 
0.0312 
0.0471 
0.0625 
0.0766 
0.0043 
0.0037 
0.0032 
0.0032 
0.0032 
0.0027 
0.0295 
0.0303 
0.0297 
0.0300 
0.0295 
0.0299 
0.0619 
0.0629 
0.0626 
0.0627 
0.0628 
0.0630 
0.0040 
" 
0.0293 
0.0244 
0.0221 
0.0249 
0 0235 
0.0239 
0.6243 
0.0235 
0.0207 
o.ozun 
0.0074 
0.0059 
0.0059 
0.0047 
0.0073 
0.0060 
0.0059 
0.0057 
0.0048 
0.0023 
0.0070 
0.0075 
0.0070 
0.0023 
0.6085 
0.0108 
0.0141 
0.0074 
0.0185 
0.0062 
0.0060 
0.0072 
0.0061 
0.0056 
0.0061 
0.0099 
0.0083 
0.0075 
0.0076 
0.0071 
0.0065 
0.0132 
0.0187 
0.0133 
0.0122 
0.0074 
0.0077 
0.0139 
0.0133 
-0.0730 
- 0 . 0 1 3  
-0.0134 
0.012 
0.012 
0.012 
0.013' 
0.0121 
0.013 
-0.0101 
-0.009' 
-0.009 
-0.009! 
-0.00.9: 
- O . O O &  
-0 .008 i  
-0.0081 
-0.0071 
0.009( 
-0.0081 
-0.0451 
-0,0261 
-0.091 I 
-O.ObC( 
-0 .008t  
-0.112! 
-0.OO6F 
-0.007.7 
-0.0071 
-0.0069 
-0.006C 
-0.0441 
-0.0433 
-0.0431 
-0.0431 
-0,0900 
-0.0437 
-0.0915 
-0,0909 
-0,0913 
-0.0915 
-0.0080 
-0.0911 
o.ola 
-n.olo: 
-0.0091 
-o.ooc: 
- o . o o a (  
-0.0~3~ 
I 
2 
7 
P 
9 
P 
c 
1 
! 
0 
5 
5 
1 
5 
5 
5 
2 
J 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
e 
1 , 
1 
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TABLE 111.- Continued 
M 
1.199 
1.206 
1 .201 
1.199 
1 .zoo 
1.194 
1 .zoo 
1.201 
1.202 
1.200 
1.201 
1 . a00  
1 . z o o  
1.199 
1.199 
1 . 2 0 0  
1.199 
1.200 
1.201 
1.153 
1.151 
1.149 
1.150 
1.151 
1.151 
0.943 
0.940 
0,941 
0.939 
0.941 
0.940 
0.900 
0.900 
0.903 
0.901 
0.900 
0.899 
0.893 
0.901 
0.900 
0.902 
0.901 
0.901 
0.901 
0.900 
0.903 
0.900 
0.903 
0.901 
(d l  c ~ , ~ ~  = 24.38 cm; s y m m e t r i c a l   v e r t i c a l - t a i l   a i r f o i l :  
6, = 4 O ;  @t = Oo;  bas i c  i n t e r f a i r i n g  
a , d e g  N P R  
-0.01 
-0.00 
-2.01 
1.99 
3.98 
6 . 0 2  
-0.00 
7.98 
0.01 
-0.00 
-0.00 
4.00 
3.98 
4.01 
4.00 
3.99 
4.00 
-0.03 
0.00 
-0.00 
0.01 
-0.01 
0.00 
- 0 . 0 2  
0.01 
-o.on 
0.01 
-0.00 
-0.00 
-0.00 
0.01 
-1.99 
2.01 
0.01 
5.98 
3.96 
8 . 0 0  
-0.00 
9.98 
-0.02 
0.00 
-0.01 
- 0 . 0 2  
0.01 
4.00 
4.00 
3.99 
4.00 
3.98 
-0 .01 
0.964 
0.961 
0.971 
0.955 
0.953 
0.956 
0.957 
0.929 
2.016 
3.483 
10.024 
6 . 0 2 0  
0.906 
2.008 
3.493 
5.978 
6.015 
0.004 
0.952 
0.970 
1.988 
3.502 
5.613 
0.022 
0.968 
1.136 
2.020 
3.483 
4.306 
8.020 
1.133 
1.115 
1.112 
1.113 
1.114 
1.109 
1.113 
1.112 
1.118 
1.114 
2.030 
3.504 
4.194 
6.001 
8.030 
1.109 
2.005 
3.515 
0.21 I 
6 . 0 2 0  
c L  
-0.0248 
-0.0555 
-0.0249 
0.0072 
0.0392 
0.0634 
0.0817 
-0.0257 
-0.0255 
-0.0254 
-0.0257 
-0.0258 
0.0391 
0.0387 
0.0387 
0.0388 
0.0387 
-0.0274 
0.0388 
-0.0289 
-0.0284 
-0.0284 
-0.0288 
-0.0290 
-0.0157 
-0,0290 
-0.0143 
-0.0155 
-0,0150 
-0.0153 
-0.0157 
-0.0055 
-0.0122 
-0.0061 
0.0104 
0.0020 
0.0217 
0.0418 
O.OS59 
-0.0057 
-0.0058 
-0.0059 
-0.0065 
-0.0069 
-0.0064 
0.0092 
0.0092 
0.0084 
0.0086 
0 . 0 0 8 6  
- 
0.0266 
0.0269 
0.0298 
0 0265 
0.0280 
0.0312 
0.0351 
0.0271 
0.0259 
0.0263 
0.0243 
0.0230 
0.0279 
0.0267 
0.0270 
0.0260 
0.0238 
0.0270 
0.0280 
0.0270 
0.0274 
0.0267 
0.0239 
0 . 0 2 8 0  
0.0089 
0.0070 
0.0073 
0.0072 
0 . 0 0 6 0  
0 , 0 0 8 8  
0,0099 
0,0092 
0.0093 
0.0094 
0.0107 
0 . 0 1 4 4  
0.0190 
0.0094 
0.0@77 
0.0078 
0.0065 
0.0072 
0.0093 
0.0076 
0.0078 
0.0078 
0.0072 
0.0261 
o.oon9 
0.007.7 
0 . 0 2 0 0  
0.0240 
0.0617 
-0.0193 
-0 ,0621  
-0.09uz 
-0.1176 
0.0248 
0.0242 
0.0243 
0.0204 
0.0243 
-0.06ze 
-0.0612 
-0.0623 
-0.0623 
-0.062¶ 
-0.0620 
0.026S 
0.0277 
0.0169 
0.0270 
0.0575 
0.0275 
o.ozeo 
0 . 0 0 6 ~  
0.0054 
0.0067 
0.0062 
0.6064 
0.0069 
- 0 . O O 2 C  
-6.0023 
0.0052 
-0,0126 
-0.0262 
-0.0433 
-0.072~ 
- 0 . 0 9 ~ ~  
-0.0027 
-0.0026 
-0.0023 
-0.0016 
-0.0017 
-0 .0012 
-0.0248 
-0.0243 
- 0 . 0 2 3 r  
-0.0236 
-0.0237 
M 
0.901 
0.900 
0.898 
0.903 
0.901 
0.901 
0.900 
0,900 
0.855 
0.852 
0.848 
0.851 
0.850 
0.850 
0.848 
0.797 
0.799 
0.400 
0.801 
0 . 8 0 0  
0.799 
0.598 
0.599 
0.602 
0.603 
0.602 
0.601 
0.599 
0 . 6 0 0  
0.601 
0.601 
0.601 
0 .602  
0.601 
0 .602  
0 . 6 0 2  
0 . 6 0 0  
0.599 
0 . 6 0 0  
0.600 
0.601 
0.600 
0.601 
0 . 6 0 2  
0 . 6 0 0  
0.600 
0.599 
I N P R  c L  c D  'rn a ,  d e g  
3.99 
8.00 
8.62 
7.99 
8.00 
7.99 
8.01 
0.01 
0.01 
-0.01 
0.02 
-0.01 
0.01 
0.01 
0.02 
-0.01 
0.01 
-0.00 
-0.02 
-0.01 
-0.01 
-0.00 
-2.01 
-0.00 
2.01 
4.02 
5.99 
8.01 
10.00 
-0.01 
-0.00 
-0.00 
0.01 
0.01 
0.00 
0.01 
3.99 
4.00 
4.01 
4.02 
4.00 
4.01 
8.00 
8.01 
8.01 
8;ol 
7 - 0 9  
8 . 0 0  
. . . -  
8.012 
1.114 
2.005 
3.506 
4.205 
5.998 
7.984 
1.111 
2.018 
1.097 
3.504 
3.985 
8.044 
8.014 
1.095 
2.021 
3.918 
5.022 
8.014 
1.040 
1,041 
1.041 
1.041 
1.041 
1.040 
1.041 
1.042 
1.041 
2.01 1 
4.000 
3.394 
5.993 
7.977 
8.019 
1.038 
3.405 
1.999 
4.008 
6.004 
8.009 
1.039 
1.995 
3.414 
4.004 
5.987 
I .on0 
I .on0 
0.600 
0 . 6 0 0   8 . 0 0  
0.000 0.14 1;ooo __ - - -. " .
8.007 
n.001 
0.0088 
0.0389 
0.0402 
0.0386 
0.0387 
0.0391 
-0.0057 
0.0417 
-0.0040 
-0.0039 
-0.0644 
- 0 . 0 0 4 6  
-0.0043 
-0.0046 
-0,0043 
-0.0036 
-0.0037 
-0.0040 
-0.0041 
-0.0041 
-0.0040 
-0.0018 
-0.0140 
-0.0017 
0.0119 
0.0252 
0.0404 
0.0559 
-0.0020 
0.0696 
-0.0020 
-0.0023 
-0.0025 
-0.0025 
- 0 . 0 0 2 8  
-0,0030 
0.0239 
0.0240 
0.0239 
0.0237 
0.0242 
0.0238 
0.0554 
0.0559 
0.0558 
0.0565 
0.0564 
0.0566 
o.0~61 
0.0066 
0.0140 
0.0123 
0.0126 
0.0125 
0.0120 
0.0116 
0.0093 
0.0090 
0.0077 
0.0079 
0.0065 
0.0077 
0 0065 
0.0091 
0.0076 
0.0091 
0.0077 
0.0074 
0.0064 
0.0090 
0.0087 
0.00~4 
0.0086 
0.0087 
0.0117 
0.0097 
0.0147 
0.0189 
0.0078 
0.0079 
0.0078 
0.0073 
0.0067 
0.0067 
0.0087 
0.0089 
0.0083 
0.0089 
0.0077 
0,0148 
0.0137 
0.0139 
0.0139 
0.0134 
0.0128 
0.0128 
o.oo91-1 
n.0095 
-0.0259 
-0.0699 
-0.0642 
-0.068t 
-0 .0686  
-0.0692 
-0.0727 
-0.0025 
-0.0035 
-0.0037 
-0.0030 
-0.0029 
-0.0031 
-0.oo2e 
-0.0029 
-0.0034 
-0.003 I 
-0.0029 
-0.0027 
-0.0030 
- 0 , 0 0 2 7  
-0.0044 
-0.0045 
0.0121 
- 0 . 0 2 z r  
-0.041t 
-0.063t 
-0,1080 
-0,0039 
-0.0040 
-0.0035 
-0.003t 
-0.0035 
-0.0031 
- 0 , 0 0 2 9  
-0.0397 
-0,0397 
-0.0397 
-0.0395 
-0.0401 
-0.0391 
-0.0860 
-0.0862 
-0.0865 
-0.0869 
-0.0874 
-0.0871 
-0.086~ 
-0.0~75 
- o ; o o o o  0.0004 -0.0001 
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TABLE I11 .- Continued 
( e )  C r , v t  = 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  + = 0’; 4, = -1 Oo; b a s i c   i n t e r f a i r i n g  t 
M a , d e g   N P R  C L  c D  c*  
1.202 
1.203 
1.203 
1.201 
1.200 
1.199 
1.200 
1.201 
1.201 
1.199 
1.201 
1.202 
0.900 
1.201 
0.900 
0.900 
0.900 
0.898 
0.897 
0.898 
0.898 
0.902 
0.899 
0.898 
0.899 
0.902 
0.902 
0.899 
0.901 
0 .899 
0.899 
0.901 
0.899 
-0.00 0,958 
-2.02 0.969 
-0.01 0.954 
2.01 0.942 
6.02 0.936 
3.97 0.934 
-0.00 0.951 
7.99 0.918 
-0.01 2.005 
0.01 3.503 
-0.01 10.069 
0.02 5.975 
-0.03 0.944 
-0.01 1.105 
-1.99 1.108 
-0.03 1.107 
4.00  1.097 
2.01 1.104 
6.00 1,101 
10.00 1.10s 
8.01  1.1 s
0.00 1,108 
0.01 2.023 
0.01 3.507 
-0.0274 
0.0004 
0.0004 
0.0282 
0.0540 
0.0870 
0.0757 
-0.0003 
-0.0002 
0 . 0 0 0 0  
-0.0001 
-0.0007 
-0 .0068  
0.010~ 
0.0058 
0.0170 
0.0108 
0.6241 
0.0343 
0.0529 
0.0718 
0.0098 
0.0105 
0.0101 
0.0093 
0.0228 
0.0239 
0.0229 
0.0241 
0.0269 
0.0311 
0.0232 
0.0219 
0.0224 
0.0214 
0.0192 
0.0233 
0.0097 
0.0099 
0.0105 
0.0136 
0.0116 
0.023 1 
0.0176 
0.0100 
0.0084 
0 .0085  
0.0084 
0.0079 
0.0072 
0.0100 
0.0102 
0.0358 
o.no99 
-0.0067 
0.0299 
-0,0069 
-0.0795 
-0.1079 
-0.1230 
-0.0069 
-0.0062 
-0.OObt 
-0.0066 
-0,0059 
-0.0057 
-0.0168 
-0.0102 
-0.0170 
-0.025u 
-0.0376 
-0.OSUl 
-0.082U 
-0.10@9 
-0.o4ue 
-0,0163 
-0.0149 
-0.0154 
-0.0145 
-0.0137 
T 
T 
-0.01 4,218 
-0.01  7.9830 0073 
-0.00 6,009 0.0086 
-0.0119 
3.99  3.4 30 0210
3.99  4.1 80 02140 0 01  - . 33U 
-0.0530 
4.01 6,000 0.0211 0.0097 -0.0332 
8.00 8.007 0.0199 0.0090 -0.031C 
7.99 1.104 0.0527 0.0175 -0.ORl7 
4.00 2.008 0.0209  -0.0326 
M a ,  d e g   N P R  c D  
0.901 
0.900 
0.901 
0.900 
0.900 
0.903 
0.598 
0,602 
0.602 
0.600 
0,599 
0.599 
0.597 
0,600 
0.598 
0.598 
0.600 
0,601 
0,601 
0.601 
0.602 
0,600 
0,600 
0 .bo2 
0.600 
0.600 
0,600 
0.598 
0.600 
0.601 
0.602 
0.600 
8.01 
8.01 
7.99 
8.00 
-0.00 
8.01 
-1.98 
0.01 
-0.02 
2.01 
3.99 
5.99 
10.01 
7.99 
-0.00 
0.01 
-0.00 
0.00 
-0.01 
0.00 
0.01 
4.01 
4.00 
4.00 
0.00 
4.01 
4.00 
8.01 
8.01 
7.99 
7.99 
7.91 
2.011 
3.489 
4.215 
5.976 
7.994 
1.101 
1.035 
1.036 
1.035 
1.036 
1.035 
1.035 
1.035 
1.036 
2,006 
1.036 
3.339 
3.396 
3.999 
6.000 
7.998 
1.030 
1.975 
3.399 
4.018 
6.007 
8.011 
1.992 
3.004 
5.983 
4.005 
7.986 
O.OS24 
0.0515 
0.0522 
0.0518 
0.0519 
0.0114 
0.0106 
-0.0006 
0.0110 
0.0238 
0.0371 
0.0519 
0.0668 
0.0816 
0.0106 
0.0103 
0.0100 
0.0094 
0.0094 
0.0089 
0.0084 
0.0352 
0.0349 
0.0349 
0.0350 
0.0350 
0.0353 
0.0666 
0.0659 
0.0664 
0.0668 
0.0667 
~~ 
0,0158 
0.0161 
0.0159 
0.0155 
0.0146 
0.0098 
0.0082 
0.0682 
0.0083 
0.0101 
0 . 0 0 8 @  
0.0126 
0.0160 
0.0013 
0.00?3 
0.0072 
0.0071 
0.0066 
0.0060 
0.0207 
0.0071 
0.0097 
0.0089 
0.0091 
0.0091 
0.0085 
0.0079 
0.0149 
0.0151 
0.0149 
0.0145 
0.0139 
-0.079C 
-0.0809 
-0.0801 
-0.0806 
-0.0800 
-0.0150 
-0.0164 
-0.0186 
0.001.7 
-0.0322 
-0.0510 
-0.0729 
-0,0950 
-0.0139 
-0.1180 
-0.0129 
-0.0130 
-0.0122 
-0.0122 
-0.0112 
-0,0117 
-0.0484 
-0.ou7e 
-0.047e 
-0.0475 
- 0 .  048 1 
-0.0482 
-0.094U 
-0.0943 
-0.0947 
-0,0947 
-0.093e 
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TABLE 111.- Continued 
M 
1.198 
1   . t o1  
1.201 
1.201 
1 .zoo 
1.198 
1.201 
1.199 
1  .200 
1.199 
1.199 
0.942 
1.199 
0.939 
0.941 
0.940 
0.941 
0.900 
0.942 
0.902 
0.902 
0.901 
0.899 
0.900 
0.896 
0.899 
0.900 
0.901 
0.900 
0.899 
0.901 
0.901 
0.901 
0.899 
0.900 
0.902 
0.898 
0.901 
0,897 
0 .a99 
0.900 
0.899 
0 . 0 9 ~  
a, d e g  
-2.01 
-0.01 
-0 .00  
4.00 
1.99 
6 .00  
7.99 
-0.02 
-0.01 
- 0 . 0 0  
- 0 . 0 0  
- 0 . 0 0  
0 .00  
0 . 0 0  
0.01 
- 0 . 0 0  
-0.02 
-0.01 
-0.01 
-2.02 
-0.03 
-0.02 
2.02 
5.99 
8 . 0 0  
10.01 
-0. 02 
- 0 . 0 0  
0.01 
0.01 
-0.02 
0 . 0 0  
3.98 
3.97 
4.00 
4.00 
4.01 
3.99 
8 . 0 0  
8.01 
7.99 
3.98 
8.01 
( f  1 
N P R  
0;969 
0.976 
0.964 
0.965 
0.952 
0.942 
0.913 
0.966 
2.009 
6 ,002  
3.485 
10.064 
1.113 
3.533 
1.998 
4,296 
8.028 
1.114 
1.115 
1.116 
1.116 
1.114 
1.115 
1.107 
1.111 
1.110 
1,111 
1.116 
2.012 
3.499 
4.209 
6.012 
7.996 
1.106 
2.005 
3.521 
4.208 
5.992 
8.005 
1.108 
3.197 
3.511 
1.9813 
C r,Vt = 24.38 c m ;  symmetrical v e r t i c a l - t a i l  a i r f o i l ;  
+t = Oo; @& = 10’; basic 
c L  
-0.0038 
-0.0032 
-0.0359 
0,0564 
0.0276 
0.0781 
-0.0058 
0.0956 
-0,0049 
-0.0048 
-0.0048 
-0,0050 
0.0068 
0.0066 
0,0066 
0.0067 
0.0047 
0.0066 
0.0154 
0.0078 
0.0152 
0.0158 
0.0244 
0.0333 
0.0445 
0.0652 
0.0823 
0.0149 
0.0149 
0.0147 
0.0140 
0.0136 
0.0139 
0.0315 
0.0303 
0 . 0 3 0 8  
0.0306 
0.0302 
0.0291 
0.0637 
0.0631 
0.0636 
0.0627 
c D  
0.0226 
0.0224 
0.0236 
0.0234 
0.0266 
0.0309 
0.U368 
0 0227 
0 .02t3  
0.0218 
0.0201 
0.0186 
0.0074 
0.0012 
0 . 0 0 6 3  
0.0062 
0.0075 
0.0051 
0,0086 
0.0086 
0.0086 
0.0095 
0.0111 
0.0136 
0.0087 
0.0241 
0.0070 
0.0071 
0.0070 
0.0065 
0.005a 
0.0109 
0.0096 
0.0094 
0.0091 
0.0095 
0.0084 
0,0180 
0.0169 
0.0167 
0.0166 
o.ooao 
0.01~13 
1. 
C 
m 
-0.0020 
- 0 , 0 0 3  1 
0.0402 
-0.0409 
-0.0832 
-0.11  14 
-0.1301 
-0.0001 
-0.0010 
-0 .0013 
-0.0010 
-0.0012 
-0.0130 
-0.0121 
-0.0125 
-0.0128 
-0.01OP 
-0.0215 
-0.0125 
-0.0215 
-0,0220 
-0.0330 
-0.0071 
- 0 . 0 6 4 E  
-0.0951 
-0.0210 
-0.1198 
-0.0205 
-0.0201 
-0,0203 
-0.01.90 
-0.018@ 
-0.oua8 
-0.0022 
-0.0455 
-0 .042@ 
-0.0429 
-0.0410 
-0.0932 
-0.0919 
-0.0927 
-0.0916 
-0.ola7 
i n t e r f a i r i n g  
M 
0.899 
0.900 
0.900 
0.901 
0.847 
0,851 
0.852 
0.851 
0.845 
0.850 
0.798 
0 . 8 0 0  
0.801 
0.799 
0 . 8 0 0  
0 , 8 0 0  
0.598 
0.598 
0.600 
0.602 
0.602 
0.600 
0.602 
0.600 
0.602 
0.601 
0.599 
0.602 
0.601 
0.602 
0.600 
0.598 
0.600 
0.599 
0,600 
0.600 
0.601 
0.600 
0.662 
0,601 
0.602 
0.600 
0.601 
0.600 
a, d e g  
8 .00  
6.01 
8 . 0 0  
-0 .00  
-0.01 
0.01 
0.01 
0 .00  
0 .00  
-0.01 
- 0 . 0 0  
-0.01 
0.01 
0.01 
0.01 
-0.01 
-2.01 
-0.01 
-0.02 
1.98 
3.99 
5.98 
7.99 
10.00 
- 0 . 0 0  
0.04 
0.01 
0 . 0 0  
- 0 . 0 0  
-0.01 
4.00 
Y.00 
4.01 
4.61 
3.99 
4.60 
4.01 
8.01 
8.00 
7.99 
7.99 
8.00 
7.98 
-0.01 
N P R  
4.198 
6.604 
6.022 
1.112 
1.093 
1..999 
4.011 
7.992 
1.091 
1.077 
1.996 
3.892 
5.001 
7.984 
1.074 
1 . 038  
1.037 
1.038 
1.038 
1.037 
1.038 
1.039 
1.038 
2.010 
4.005 
3.421 
6.004 
8.023 
1.036 
2.007 
1.036 
3.430 
4.008 
6 . 0 0 8  
8.031 
2.000 
1.036 
3.410 
4.022 
5.992 
8.010 
1.037 
3.480 
I .03a 
c L  
0.0631 
0.0630 
0.0624 
0.0152 
0.0162 
0.0157 
0.0157 
0.0157 
0.0142 
0.0133 
0.0156 
0.0133 
0.0132 
0.0127 
0.0132 
0.0137 
0.0113 
-0.0021 
0.0115 
0.0259 
0,0408 
0,0588 
0,0795 
0.0907 
0.0117 
0.0117 
0.0107 
0.0111 
0.0097 
0.0100 
0.0404 
0.0406 
0.0404 
o.oao7 
0.0407 
0.0405 
0.0748 
0.0402 
0.0745 
0.0743 
0.0747 
0.0757 
0.0757 
0.0117 
c D  ‘m 
0.0165 
0.0160 
0.0153 
0.0085 
0.0079 
0.0064 
0 . 0 0 6 6  
0.0065 
0.0051 
0.0078 
0.0077 
0.0064 
0.0063 
0.0052 
0.0061 
0.0076 
0.0072 
0.0073 
0.0079 
0.0095 
0.0161 
0.0123 
0.0211 
0.0077 
0.0063 
0.0064 
0.0064 
0.0058 
0.0051 
0.0093 
0.008s 
0.0093 
0.0086 
0.0087 
0 .0081  
0.0075 
0.0160 
0.0150 
0.0152 
0.0151 
0.0148 
O.OlY1 
0.0075 
0.0074 
-0.092  1 
-0.0915 
-0.0921 
-0.0211 
-0.0205 
-0.0200 
-0.0197 
-0.017C 
-0,0172 
-0.0167 
-0.0170 
-0.OlbC 
-0.0161 
-0.01,73 
-0.0141 
0.6044 
-0,0145 
-0 .033 t  
-0.0541 
-0.07dC 
-0.1031 
-0.1213 
-0,0197 
-0,0144 
-0.0136 
-0,0132 
-0,0127 
-0.0123 
-0,0531 
-0. OS28 
-0.OY31 
-0,0531 
-0.0531 
-0,052S 
-0.t02b 
-0.1020 
-0,101.7 
-0,102  1 
-0.1032 
-0.1a33 
- 0 . 0 1 4 ~  
- 0 . 0 1 9 ~  
-0.019e 
- 0 ,  osac 
27 
TABLE I11 .- Continued 
( g )  Cr,vt = 24.38 cm;  symmetrical ver t ical- ta i l  a i r f o i l ;  
J ,  = Oo; @t = 20°; basic i n t e r f a i r i n g  t 
~~ ~ 
M a , d e g  N P R  C L  
1.201 
1.201 
1.202 
1.199 
1.202 
1.197 
1.197 
1.202 
1.201 
1.201 
1 .a02 
1.202 
1.198 
1.199 
1.199 
1.199 
1.198 
1.201 
1.153 
1.152 
1.151 
1.151 
1.149 
0.942 
1.149 
0.939 
0.942 
0.940 
0.941 
0.941 
0.900 
0.900 
0.900 
0.897 
0.903 
0.896 
D.899 
D.901 
0.897 
D.900 
0.899 
3.900 
8.901 
3.899 
3.897 
1.901 
3.902 
3.900 
1.903 
-0.01 
-0.01 
-2.01 
2.03 
4.01 
6.01 
8 .00  
0.00 
0.01 
0.02 
0.01 
3.99 
0.01 
4.01 
3.99 
3.99 
-0.01 
4.01 
-0.01 
0.01 
-0.01 
0.01 
-0.03 
-0.00 
-0.01 
0.00 
-0.01 
0.00 
-0.01 
0.01 
-0.00 
-1.99 
2.00 
0.00 
3.98 
6.01 
10.01 
8.03 
0.01 
0.02 
-0.00 
0.00 
-0.01 
-0.01 
4.00 
4.02 
4.01 
4.00 
3.99 
0.983 
0.975 
0.972 
0.974 
0.962 
0.912 
0.950 
0.971 
2.007 
6,010 
3.509 
10.016 
2.005 
0.961 
6.020 
3.498 
9.966 
0.966 
0.974 
1.987 
3.507 
5.592 
10.004 
0.971 
2.022 
1.118 
3.512 
4.304 
7.980 
1.120 
1.114 
1.116 
1.115 
1.109 
1.113 
1,110 
1.110 
1.111 
2.028 
1.114 
3.535 
6.019 
4.187 
7.942 
2.007 
1.105 
3.509 
5.993 
4.226 
-0.0057 
-0.0051 
-0.0399 
0.0589 
0.0290 
0.1005 
0.0817 
-0.0060 
-0.6056 
-0.0061 
-0.0064 
-0.0057 
0.0584 
0 0578 
0.0581 
0.0578 
-0.0061 
0 0583 
-0.0096 
-0 ,0088 
-0.0086 
-0.0092 
-0.0105 
-0.0092 
0.0091 
0.0009 
0.0086 
0.0092 
0.0077 
0,0161 
0.0088 
0.0070 
0.0167 
0.0367 
0.0273 
0.0521 
0.0706 
0.0883 
0.0166 
0.0162 
0.0157 
0.0157 
0.0145 
0.0151 
0.0375 
0.0353 
0.0352 
0.0356 
0.0350 - 
c D  
0.0223 
0.0237 
0.0235 
0.0223 
0.0314 
- .. 
0.0270 
0.0226 
0.0380 
0.0217 
0.0213 
0.0185 
0.0208 
0.0268 
0.0256 
0 0259 
0.0250 
0 0229 
0.0224 
0 0235 
0.0225 
0.0223 
0.0236 
0.0071 
0.0060 
0.0061 
0.0061 
0.0050 
0.0071 
0.0070 
0.0084 
0.0094 
0,0112 
0.0142 
0.0190 
0.0253 
0.0085 
0.0070 
0.0057 
0.0064 
0.0112 
0.0097 
0.0098 
0.0099 
0.0093 
0.0229 
0.0195 
o.ooa3 
0.0069 
0.0069 
0.0455 
0.0005 
-0.0003 
-0.0498 
-0.1144 
-0.0853 
-0.1370 
0,0006 
-0.0001 
0.0005 
0.oooe 
-0.0000 
-0.0852 
-0.0849 
-0,0845 
-0.0845 
-0.014e 
0.0009 
0.0042 
0,0031 
0.0036 
0.0031 
0.0051 
-0.0156 
-0.0150 
-0,0138 
-0.015e 
-0.0154 
-0,0223 
-0.0231 
-0.0561 
-0,0512 
-0.1015 
-0.0751 
-0,1263 
-0.0226 
-0.6211 
-0.0213 
-0.02Ob 
-0.0213 
-0.0198 
-0.0516 
-0.0182 
-0,0484 
-0.ou8e 
-0,0479 , 
0.0036 
-0.o1ua 
-o.olle 
M 
0.901 
0.899 
0.900 
0.899 
0.901 
0.899 
0.900 
0.903 
0.849 
0.850 
0.851 
0.852 
0.850 
0.850 
0.797 
0 . 8 0 0  
0.800 
0.801 
0.802 
0.599 
0.601 
0.600 
0.602 
0.599 
0.599 
0,600 
0.599 
0,600 
0.600 
0.602 
0.600 
0.601 
0.598 
0.600 
0.599 
0.600 
0.599 
0.599 
0,601 
0.598 
0,600 
0.599 
0.599 
0.599 
0.600 
0.598 
a,  d e g  
4.02 
8 . 0 0  
8.01 
8.00 
8.01 
8.00 
-0.00 
8.01 
-0.01 
-0.00 
-0.01 
-0.00 
0.01 
0.00 
0.02 
0.00 
-0.00 
0.01 
0.01 
-1.98 
0.00 
0.00 
4.01 
1.99 
6.01 
8.02 
9.99 
-0.02 
0.01 
-0.02 
0.00 
0.01 
9.01 
0 . 0 0  
4.02 
4.02 
3.99 
0.00 
8.02 
4.01 
8.01 
8.01 
8.00 
8.00 
8.00 
0.04 
N P R  
7.997 
1. 107 
1.966 
3.518 
4.189 
6.019 
8.014 
1.112 
1.093 
1 .E05 
3.509 
4.009 
8.037 
1.091 
1.076 
3.926 
1.989 
8.019 
1.076 
1.037 
1.038 
1.037 
1.037 
1.037 
1.037 
1.037 
1.038 
1.037 
1.996 
3.395 
5.989 
U.el6 
8.007 
2.034 
1 .035 
3.998 
3.446 
6.034 
8.002 
1.035 
3.400 
1.966 
3.942 
6,026 
8.037 
1.035 
c L  
0.0342 
0.0703 
0 Ob92 
0.0696 
0.0694 
0.0693 
0.0695 
0.0161 
0,0150 
0.0147 
0.0146 
0.0148 
0.0143 
0.0136 
0.0148 
0.0131 
0.0132 
0.0129 
0.0120 
-0.0038 
0.0106 
0.01t5 
0.0272 
0.0625 
0.0800 
0.0946 
0.0112 
0.0111 
0.0103 
0.0103 
0.0106 
0.0440 
0.0439 
0.0438 
0.0437 
0.0432 
0.0436 
0.0800 
0.0801 
0.0805 
0.0801 
0.0799 
0,6806 
0.0122 
o.0442 
0.0109 
c D  
0.0087 
0.0174 
0.0190 
0.0176 
0.0175 
0.01,70 
0.0163 
0.0084 
0.0081 
0.0066 
0.0068 
0.0067 
0.0055 
0.0082 
0.0080 
0.0068 
0.0067 
0.0056 
0.0081 
0.0082 
0.0080 
0.0080 
0.0086 
0.0105 
0.0133 
0.0226 
0.0174 
0.0071 
0.0082 
0.0072 
0.0071 
0.0065 
0.0059 
0.0104 
0.0095 
0.0097 
0.0096 
0.0085 
0.0091 
0.0175 
0.0166 
0.0168 
0.0166 
0.0155 
0.0161 
0.0082 
~ 
_~ 
c m  
-0.0469 
-0.0991 
-0.1009 
-0.0995 
-0.0998 
-0.0991 
-0.0994 
-0.0223 
-0.0196 
-0.01,90 
-0.0189 
-0.0190 
-0.0186 
-0.0193 
-0,0127 
-0.0173 
-0.0161 
-0.0172 
-0.0147 
-0.0152 
0.004P 
-0.0354 
-0.0579 
-0.1085 
-0.OlU4 
-0.0107 
-0.01.32 
-0.0140 
-0.0130 
-0 .Ot38 
-0.0573 
-0.OS70 
-0.0569 
-0.0567 
-0.0566 
-0.0562 
-0.1011 
-0.1081 
-0.0170 
-o.osze 
-0.131~ 
-0.108~ 
-0.107~ 
-0.loe1 
-0.1089 
-0.0157 
- 
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M 
1 I200 
1.202 
1.201 
1.202 
1 .ZOO 
1.198 
1.197 
1.201 
1.199 
1.199 
1.200 
1,200 
1 .200 
1.199 
1 .PO4 
1.201 
1.200 
1 . z o o  
1.201 
1.150 
1.147 
1.149 
1.149 
1.150 
1,149 
0.940 
0.941 
0.939 
0.940 
0.937 
0,940 
0.902 
0.900 
0.897 
0.901 
0.899 
0.900 
0.897 
0.903 
0.901 
0.902 
0.899 
0.898 
0.901 
0.900 
0.899 
0.899 
0.899 
0.896 
(h) c ~ , ~ ~  = 24.38 cm; v e r t i c a l - t a i l  a i r f o i l  cambered outboard: 
= Oo; Q = Oo; bas ic   in te r fa i r ing  t 
" 
a ,  deg  
0.00 
-2.01 
-0.03 
1.99 
3.943 
5.99 
8.00 
-0.02 
-0.02 
-0.02 
-0.00 
-0.03 
3.99 
3.99 
4.00 
3.98 
3.97 
-0.03 
4.00 
-0.01 
-0.01 
0.00 
0.01 
-0.02 
-0.02 
-0.03 
-0.02 
-0.01 
-0.04 
-0.01 
-0.03 
-0.01 
- 0 . 0 4  
-2.03 
2.00 
3.99 
6.00 
7.99 
9.97 
-0.02 
0 .00  
-0.02 
0 . 0 0  
-0.03 
-0.01 
4.02 
3.98 
9.00 
3.98 
N-P R 
O.ii85 
1.000 
0.978 
0.983 
0.970 
0.944 
0,925 
2.926 
0.978 
3.U82 
6.021 
10.029 
0.963 
2.009 
3.P94 
6,016 
6.029 
10.004 
0.968 
2.006 
0.974 
3.513 
5.594 
10.053 
0.971 
2,002 
I. 123 
3.515 
4.325 
b.005  
1.121 
1.113 
1.112 
1.115 
1.112 
1.107 
1.109 
1.112 
1.109 
2.010 
1.115 
3.509 
4.238 
5.999 
8.602 
2.009 
1.10s 
3.511 
4.219 
0.0019 
-0.0281 
0,0022 
0.0588 
0.0315 
0.0747 
0.0911 
0.0001 
0.0009 
0.0007 
0.0008 
-0.0002 
0.0572 
0.0574 
0,0578 
0.0583 
0.0583 
-0.0001 
0.0593 
-0 .0004 
-0.0000 
0.0004 
0.0004 
-0.0010 
-0.0006 
0.0047 
0.0046 
0.0046 
0.6044 
0.0937 
0.0049 
0.0104 
0.0112 
0.0035 
0.0189 
0.0275 
0.0388 
0.0581 
0.0098 
0.0770 
0.0097 
0.0091 
0.0089 
0.0085 
0.0259 
0.0079 
0.0248 
0.0246, 
0.0244 
c D  
0.0218 
0.0226 
0.0218 
0.0232 
0.0264 
0.0306 
0.0362 
0.0219 
0.0211 
0.0207 
0.0201 
0.0180 
0.0262 
0.0249 
0.0253 
0.0244 
0.0244 
0.0223 
0.0220 
0.0234 
0.0227 
0.0223 
0.0220 
0.0192 
0.0233 
0.0071 
0.0057 
0.0055 
0.0056 
0.0046 
0.0079 
0.0070 
0.0080 
0.0076 
0.0087 
0.0!02 
0.0124 
0.0167 
0.0081 
0.0223 
0,0064 
0.0064 
0.0062 
0.0057 
0.0051 
0.0100 
0.0084 
0.0086 
0.0085 
C m 
- 
-0 .008s 
-0.0019 
0 03 1.7 
-0.048C 
-0.1064 
-0.1287 
-0.0061 
-0.0074 
-0.0064 
-0.0071 
-0 .0064 
-0.0842 
-0.0844 
-0.0852 
-0.0847 
-0.0860 
-0.085Z 
-0.0060 
-0.0014 
-6.0071 
-0.0073 
-0.0015 
-0.OOS6 
-0.0059 
-0.0102 
-0.0096 
-0.009C 
-0.0095 
-0.0085 
-0.0101 
-0,0155 
-0.0161 
-0.0069 
-0.0269 
-0,0403 
-0.0870 
-0.11.37 
-0.0147 
-0.0140 
-0.0133 
-0.0129 
-0,0124 
-0.0584 
-0.0117 
-0.0564 
-0.0363 
-0.0362 
-0.08s~ 
-0.057~ 
M 
0.801 
0.901 
0.900 
0.901 
0.901 
0.898 
0.898 
0.900 
0.851 
0.899 
0.852 
0.850 
0.849 
0.850 
0.800 
0.850 
0.800 
0.801 
0.803 
0.798 
0.599 
0.798 
0,600 
0.601 
0.602 
0,602 
0.600 
0.599 
0.601 
0.600 
0.600 
0.600 
0.600 
0.601 
0.602 
0.598 
0.602 
0.601 
0.601 
0,602 
0,602 
0.599 
0.598 
0.601 
O.bO1 
0.S99 
0.600 
0.601 
- 
a, d e g  
3.98 
3.99 
7.99 
8 . 0 0  
7.98 
7.98 
7.98 
7.98 
-0.01 
-0.02 
-0.03 
0.00 
0.00 
-0.01 
-0.02 
-0.02 
-6.02 
-0.03 
0.00 
0.00 
-0.01 
-0.02 
-2.03 
-0 .02 
2.00 
3.98 
8 .00  
5.97 
9.99 
-0.01 
-0 .01 
-0.04 
-0.01 
-0.03 
-0.01 
3.99 
4.00 
3.98 
3.98 
3.99 
4.00 
7.98 
7.99 
8.01 
7.99 
7.98 
7.97 
-0.03 
N P R  
6.046 
8.004 
1.109 
2.019 
4,205 
3.513 
5.999 
8.006 
1.109 
1.092 
2.015 
3.506 
4.017 
8.012 
1.089 
2.013 
1.075 
3.891 
5.043 
8.035 
1.036 
1.074 
1.037 
1.036 
1.035 
1.035 
1.035 
1.034 
1.036 
2.022 
1.035 
3.412 
6.002 
4.015 
8.035 
1.032 
2.007 
3.417 
3.996 
6.007 
7.988 
2.054 
1.032 
3.414 
6.017 
4.008 
8.031 
1.032 
C L 
0.02zs 
0. 0228 
O.OS64 
0.0568 
O.OSb9 
0.0578 
0.0570 
0.0562 
0.0102 
0.0100 
0.0090 
0.0090 
0.0089 
0.0079 
0.0081 
0.0087 
0.0079 
0.0079 
0.0075 
0.0072 
0.0077 
0.0071 
-0.0054 
0.0071 
0.0193 
0.0331 
0.0481 
0.0636 
0.0798 
0.0064 
0.0066 
0.0061 
0.0061 
0.0058 
0.0058 
0.0333 
0.0333 
0.0328 
0.0331 
0.0328 
0.0329 
0.0652 
0.0656 
0.0658 
0.0658 
0.0656 
0.0658 
0.0076 
.~ - 
C 
m 
0.no79 
0.0072 
0.0164 
0.01so 
0.0149 
0.0150 
0.0144 
0.0137 
0.0078 
0.0075 
0.0059 
0.0059 
0.0059 
0.0046 
0.0072 
0.0073 
0.6060 
0.0060 
0.0057 
0.0047 
0.OOT3 
0.0068 
0.0071 
0.0074 
0.0069 
0.0087 
0.0110 
0.0144 
0.0191 
0.0072 
0.9060 
0.0061 
0.0060 
0 . 0 0 5 ~  
0.00~b 
0.0085 
0.0077 
0.0078 
0.0078 
0.0073 
0.0067 
0.0144 
0.0136 
0.0138 
0.0136 
0.0131 
0.0124 
0.0072 
-0.034? 
-0.0310 
-6.0852 
- 0 , 0 8 9 9  
-0.0851 
-0 .0862 
-0.o85a 
-0.0840 
-0.0150 
-0.0140 
-0.OlZE 
-0.0127 
-0.0126 
-0,0113 
-0.0115 
-0.0114 
-0,0112 
-0.0105 
-0.0111 
-0.0 163 
-0.0101 
0.0066 
-0.o1a~ 
-0.01oc 
-0.oa7~ 
-0.0464 
-0.0682 
-0,091 1 
-0,1152 
-0,0097 
-0.0094 
-0.0089 
-0.0087 
-0,0086 
- 0 . 0 4 5 ~  
-0,0457 
-0.045 1 
-0,0452 
-0.04s5, 
-0.0452 
-0.0921 
-0.0927 
-0,0933 
-0,0929 
-0.093 1 
-0.093 1 
-0.0107 
-0 .oo8c 
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( i )  ' r , v t  = 24.38 c m ;  v e r t i c a l - t a i l  a i r f o i l  cambered  inboard; 4 = Oo; 0, = Oo; b a s i c   i n t e r f a i r i n g  t 
M a,deg NPR 
c L  C D m 
C 
1 .200 
1.199 
1.201 
1 .zoo 
1 .zoo 
1 .zoo 
1.201 
1.198 
1.201 
1 .200 
1.199 
1 .zoo 
1 . zoo 
1,150 
1.201 
1.151 
0.939 
1.150 
0.911 
0.900 
0,899 
0.901 
0.901 
0.904 
0.899 
0.897 
0.901 
0.901 
0.903 
-0.04 
-0.03 
-2.02 
1.99 
6.00 
3.98 
8.00 
-0.02 
-0.01 
-0.02 
-0.01 
-0.02 
3.99 
3.99 
-0.01 
-0.01 
-0.02 
-0.02 
-0.01 
-0.01 
-2.01 
-0.02 
2.00 
6.00 
3.98 
7.98 
-0.01 
10.00 
0.00 
0.971 
0.989 
0.970 
0.969 
0.963 
0.917 
0.947 
2.015 
0.967 
6.023 
3.530 
9.965 
0.956 
6.002 
0.973 
0.968 
5.595 
4.364 
1.309 
1.112 
1.109 
1.110 
1.106 
1.095 
1.100 
1,108 
1.110 
1.111 
2,001 
-0.0052 
-0.0049 
-0.0330 
0.0517 
0.0238 
0.0728 
-0.0068 
0.0879 
-0.0057 
-0.0068 
-0.0063 
-0.0071 
0.05!7 
0.0519 
-0.0067 
-0.0071 
-0.0064 
0.0062 
0.6064 
0.0169 
0,0115 
0.0234 
0.0282 
0.0410 
0.0788 
0.0619 
0.OlSU 
0.0164 
0.0174 
0.0228 
0.0241 
0.0228 
0.0235 
0.0262 
0.0302 
0.0356 
0.0214 
0.0230 
0.0210 
0.0219 
0.0261 
0.0242 
0.0243 
0.0244 
0.0230 
0.0087 
O . O O P 6  
0.0102 
0.0107 
0.0108 
0.0116 
0.0131 
0.0155 
0.0201 
0.0256 
0.0109 
0.0094 
o.o18a 
-0.0001 
-0,0006 
0.0362 
-0.0390 
-0,0767 
-0.104u 
-0.1215 
0.0016 
0.0001 
0.0009 
0.0016 
-0.077U 
-0.0002 
-0.0776 
- 0 . 0 0 0 u  
-0.0128 
0 . 0 0 0 5  
-0.0125 
-0.0212 
-0.017U 
-0.0247 
-0.0423 
-0.0619 
-0.1 177 
-0.0939 
-0.021.4 
-0.0230 
o.oo1a 
-0.03as 
M a,deg NPR c L  c D  C m 
0.900 
0.898 
0.899 
0.901 
0.901 
0.896 
0.901 
0.899 
0.899 
0.903 
0.903 
0.848 
0.851 
0.797 
0.801 
O . 6 O Q  
0.599 
0.600 
0,601 
0.601 
0.599 
0,600 
0,602 
0.597 
0.597 
0.599 
0.600 
0.600 
0.600 
0.600 
0.599 
0.602 
0.601 
0.602 
0.603 
0.601 
0.01 
-0.03 
-0.03 
- 0 . 0 0  
4.01 
3.98 
7.99 
8.00 
7.99 
7.98 
-0.01 
-0.01 
-0.01 
-0.01 
-0 .00  
0.00 
-1.99 
0.00 
2.00 
3.99 
5.98 
7.99 
-0.00 
9.98 
0.01 
0.00 
-0.04 
0.01 
-0.01 
3.99 
0.01 
8.00 
7.97 
7.98 
7.99 
0.02 
3.486 
5.999 
4.203 
6,004 
4.195 
1 .094 
2.015 
1.105 
4.200 
8.004 
1.109 
1.090 
4.006 
1.073 
3.900 
1.035 
1.036 
1 .a36 
1.035 
1.035 
1.035 
1.036 
1.035 
1.035 
2.032 
3.410 
5.991 
4.026 
8,009 
1.033 
3.382 
1.033 
2.006 
3.409 
8.037 
1.033 
0.0156 
0.0145 
0.0155 
0.0144 
0.0273 
0.0625 
0.0610 
0.0613 
0.0166 
0.0608 
0.0207 
0.0193 
0.0202 
0.0197 
0.0155 
0.0026 
0.0290 
0.0160 
0.0591 
0.0752 
0.0898 
0,0158 
0.0161 
0.0152 
0.0149 
0.0147 
0.0141 
0.0420 
0.0418 
0.0740 
0.0745 
0.0744 
0.0744 
0.0154 
o.o2ao 
0.0430 
0.0095 
0.0094 
0.0130 
0.0089 
0.0117 
0.0200 
0.0185 
O.Ql85 
0.0107 
0.0174 
0.0089 
0.0101 
0.0075 
0.0087 
0.0075 
0.0076 
0.0099 
0.0126 
0.0089 
0.0076 
0.0083 
0.0165 
0.0213 
0.00711 
o.no67 
0.0069 
0.0068 
0.0061 
0.0097 
0.0091 
0.0163 
0.0154 
0.0155 
0.0144 
0.0077 
0.0056 
-0,0218 
- 0 . 0 2 o u  
-0 .0215 
-0.0203 
-0.0415 
-0,0940 
-0.040s 
-0.0922 
-0.0923 
-0.0924 
-0.0234 
-0.0264 
-0.0244 
-0.0244 
-0.0235 
-0.0012 
-0.0185 
-0.0191 
-0.036t 
-0.0790 
-0.1027 
-0.1252 
-0.0187 
-0.0191 
-0.0176 
-0.0173 
-0.016t 
-0.0546 
-0.OSUl 
-0.1009 
-0.101r 
-0,1017 
-0.1017 
-0.0185 
-0.os5e 
-0.017e 
- " 
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M 
1.199 
1 . zoo 
1.202 
1.199 
1.199 
1 . z o o  
1.198 
1.201 
1.198 
1.202 
1 .200 
1.199 
1.199 
1.201 
1 .zoo 
1.150 
1.149 
0.941 
0.900 
0.943 
0.901 
0.900 
0.900 
0.900 
0.897 
0,900 
0.903 
0,899 
0.900 
0.899 
0.901 
0.898 
0.901 
0.903 
- 
(j) c ~ , ~ ~  = 24.38 c m ;  v e r t i c a l - t a i l  a i r f o i l  cambered  outboard; 
Gt = Oo; 9, = - loo;  b a s i c   i n t e r f a i r i n g  
a,  d e g  
0.01 
-2.00 
0.02 
2.92 
u.00 
5.99 
8.00 
-0.110 
0.01 
-0.01 
-0.01 
-0.00 
0.00 
9.00 
u.an 
-0.01 
0.00 
-0.00 
0.02 
-0.02 
-2.03 
-0.00 
2.00 
4.0u 
6.00 
8.01 
9.99 
- 0 . 0 0  
0.00 
-0.04 
-0.01 
r.01 
-0.02 
0 . 0 2  
I N P R  
0.978 
0.999 
0.975 
0..966 
0.973 
0.952 
0.932 
2.007 
2.011 
0.967 
3.506 
6.009 
10.058 
6.008 
0.959 
5.618 
6.968 
1.109 
4.307 
1.111 
1.114 
1.109 
1.111 
1.102 
1.106 
1.109 
1.109 
1..111 
2.011 
3.502 
4.208 
6,004 
8.002 
1.101 
c L  
-0.0260 
0.0015 
0,0018 
0.0293 
0 , 0556 
0.0733 
0.0873 
0.0007 
0.0005 
0.0003 
0.0002 
0.0003 
0.0001 
0.0552 
-0.0009 
0.0549 
0.0005 
0.0036 
0.0026 
0.0094 
0.0039 
o.on95 
0,0161 
O.OLZ8 
0.0328 
0.0531 
0.0724 
0.0093 
0.0089 
0.0086 
0.0084 
0.0072 
0.0066 
0,0212 
c D  
0.0219 
0. 0228 
0.0221 
0.0233 
0.0262 
0.0302 
0.0355 
0.0209 
0.0223 
0.0209 
0.0214 
0.0205 
0.0183 
0.0261 
0,0243 
0.0237 
0.0223 
0.0080 
0.0066 
0.0089 
0.0085 
0.0089 
0.0095 
0.0106 
0.0125 
0.0165 
0.0222 
0.0090 
0.0074 
0.0075 
0.0068 
0,0062 
0.0074 
0.0103 
.~ ~ 
-0.007.9 
0.0287 
-0.OOPl 
-0.0815 
-0.045¶ 
-0.1059 
-0.1249 
-0.0070 
-0.0067 
-0.0066 
-0 .0064 
-0,0066 
-6.0064 
-0.08 t u  
-0.0111 
-0.0068 
-0.0078 
-0.0085 
-0,0072 
-0.0145 
-0.0072 
-0.0144 
-0.0233 
-0.0393 
-0.0512 
-0.0815 
-0.1089 
-0.0140 
-0.0 l'33 
-0.0125 
-0.0112 
-0.0104 
-0.0330 
-0.ola9 
M N P R  c L  c D  C m 
0.899 
0.894 
0.897 
0 .a99 
0.899 
0.900 
0.904 
0.849 
0.851 
0.798 
0.798 
0.799 
0.598 
0.597 
0.601 
0.600 
0,601 
0.598 
0.601 
0 ;s99 
0.599 
0.602 
0.601 
0.601 
0.603 
0.602 
0.601 
0.601 
0.597 
0.600 
0.601 
0.601 
0.601 
4.00 
8.00 
8.01 
8.00 
0.00 
8 . 0 0  
-0.03 
-0.02 
0.01 
0.00 
- 0 . 0 0  
-0.00 
-1.99 
0.02 
-0.01 
4.02 
s.99 
7.98 
-0.00 
9.99 
0.00 
-0.01 
0.01 
-0.01 
0.01 
3.99 
4.01 
8.01 
8.01 
8 . 0 0  
7.99 
0.04 
2.02 
4.224 0.0202 
1.105 0.0533 
1.106 0,0523 
2.035 0.0518 
4.203 0.0523 
8.027 0.0511 
1.091 0.0095 
3.998 0.0093 
3.576 0.0013 
3.910 0.0075 
1.075 0.0079 
1.037 0.0070 
1.037 -0.0049 
1.036 0.0194 
1.036 0.0325 
1.036 0.0476 
1.036 0.0623 
1.038 0.0763 
1.996  0.0070 
1.037 0.0070 
3.407 0.0061 
6.003 0.0056 
3.991 0.0062 
8.009 0.0054 
3.402 0.0312 
1.035 0.0317 
1.035 0.0620 
1.989 0.0614 
6.012 0.0626 
3.420 0.0620 
1.036 0.0069 
1.110  0.0085 
1.036  0.0065 
0.0090 
0.0164 
0.0163 
0.0198 
0.0119 
0.0136 
0,0089 
0.0082 
0.0069 
0.0065 
0.0078 
6.0065 
0.0077 
0.0074 
0.0074 
0.0078 
o.oo9n 
0.01L.3 
0.0189 
0.0076 
0.0064 
0.0065 
0.0064 
0.0058 
0.0051 
0 . 0 0 8 8  
0.0144 
0.0081 
0.0134 
0.0136 
0.0125 
0.0075 
0.0145 
-0.0312 
-0.0812 
-0.0802 
-0.0794 
-0.0799 
-0.07C3 
-0.0133 
-0.0132 
-0.0129 
-0.0105 
-0.0111 
-0.0108 
-0.0095 
0.0063 
-0.0100 
-0.0155 
-0.6674 
-0.0893 
-0.1111 
-0.0100 
-0.0099 
-0.0086 
- 0 . 0 0 8 8  
-0.0082 
-0.0080 
-0.0441 
-0.0435 
-0.0890 
-0.088 1 
-0.08PC 
-6.0899 
-0.0096 
-0.0872 
TABLE 111.- Continued 
(k) cr lVt  = 24.38 cm; v e r t i c a l - t a i l  a i r f o i l  cambered  inboard; 
3, = O o ;  9, = 20°; basic i n t e r f a i r i n g  t 
M a ,  d e g   N P R  
c L   c D  C c D  rn 
0.978 
0.996 
0.975 
0.977 
0.971 
0.924 
0.963 
2.007 
0.971 
6.000 
3.u97 
9.965 
0.964 
1.117 
1.118 
1.116 
1.115 
1.106 
1.108 
1.112 
1.114 
1.115 
2.640 
3.507 
4.207 
6.028 
8.035 
4.194 
1.202 
1.200 
1.203 
1.202 
1.204 
1.201 
1.202 
1.199 
1.261 
1.199 
1 . zoo 
1,197 
0.902 
1.199 
0.898 
0.902 
0.900 
0.899 
0.896 
0.895 
0,901 
0.899 
0.900 
0.899 
0.898 
0.099 
0.900 
0.900 
0.896 
-0.00 
-2.00 
-0.01 
2.00 
5.99 
3.97 
0.03 
7.99 
0.00 
0.01 
0.02 
0.02 
-0.01 
-2.04 
0.03 
-0.02 
2.01 
3.98 
6.00 
8.01 
9.99 
0.01 
-0.01 
0.00 
-0.02 
0.01 
0.00 
3.98 
7.99 
-0.0096 
-0.0422 
-0.0094 
0.0548 
0.0239 
0.0784 
0.0983 
-0.0168 
-0.0103 
-0.010s 
-0.0102 
-0.0110 
-0.0103 
0.0252 
0.0162 
0 0252 
0.0347 
0.0439 
0.0582 
0.0787 
0.0925 
0.0251 
0.0237 
0.0242 
0.0240 
0.0224 
0.0233 
0.0405 
0.0778 
0 0223 
0.0201 
0.6224 
0.0232 
0.0262 
0.03oe 
0.0372 
0.0227 
0.0218 
0.0209 
0.0218 
0.0226 
0.0186 
0.0102 
0.0092 
0.0114 
0.0101 
0.0135 
0.0168 
0.0278 
0.0220 
0.0085 
O.OlQ2 
0.0088 
0.0086 
0.0081 
0.0075 
0.0204 
0.0120 
0.0051 
0.0072 
-0.0803 
-0.0393 
-0,1309 
-0.11oc 
0.0059 
0.0062 
0.0059 
0.0055 
0.0057 
-0.0341 
-0.0232 
-0.0339 
-0.0160 
-0,0603 
-0.1129 
-0.0819 
-0,1333 
-0.031)  
-0.0335 
-0 .032 t  
-0 .0309 
-0.0299 
-0.1112 
-0.055t  
o . a o u e  
0.0068 
-0.031,9 
M a ,  d e g   N P R  c L  
0.905 
0.597 
0.599 
0.602 
0.602 
0.599 
0.598 
0.599 
0,601 
0,599 
0.600 
0.602 
0,601 
0.601 
0.603 
0.602 
0.600 
0.601 
-0.00 
0.01 
-2.00 
-0.01 
2.00 
5.94 
3.98 
10.01 
8.01 
0.02 
-0.00 
0.01 
0.00 
0.02 
4.01 
0.00 
-0.02 
7.97 
1.112 
1.037 
1.038 
1.038 
1.037 
1.036 
1.036 
1.036 
1.037 
1.037 
3.013 
1.992 
4,005 
5.972 
8.010 
3.406 
3.436 
1.035 
0.0230 
0.0179 
0.0022 
0.0340 
0.0179 
O.OS06 
0.0687 
0.0864 
0.1022 
0.0180 
0.0173 
0.0170 
0.0168 
0.0168 
0.0165 
0.0486 
0.0806 
0.0171 
0.0101 
0.0083 
0.0003 
0.0082 
0.0091 
0.0141 
0.0110 
0.0185 
0.0239 
0.0080 
0.0072 
0.0072 
0.0073 
0.0067 
0.0061 
0.0100 
0.0173 
0.0012 
-0 .0316  
-0.021E 
-0.0019 
-0.0217 
-0,0425 
-0.0642 
-0.0893 
-0.1149 
-0.136e 
- 0 . 0 2 1 ~  
-0.02Ot 
-0.0200 
-0.0203 
-0.0202 
-0.1122 
-0 06 1.4 
-0.020s 
- 0 . 0 1 9 ~  
- 
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TABLE 111. - Continued 
M 
1.200 
1.199 
1.200 
1 e201 
1.199 
1.196 
1.194 
1.202 
1.201 
1.202 
1.201 
1 e201 
0.905 
1.201 
0.901 
0.900 
0.900 
0.898 
0.900 
0.896 
0.898 
0 ,902  
0 . 9 0 0  
0.903 
0 .900  
0.899 
0.898 
0.899 
0.901 
" 
(1) Cr,Vt = 28.19 c m ;  symmetrical v e r t i c a l - t a i l  a i r f o i l ;  
4t = Oo; 4t = Oo; basic i n t e r f a i r i n g  
" - 
a, d e g  
-0.01 
-2.00 
-0.03 
2.00 
6.01 
4.00 
7.99 
-0.03 
7.97 
0.00 
0.01 
-0.01 
-6.01 
-2.04 
0.00 
0.01 
1.97 
4.00 
6.01 
7.98 
9.98 
-0.01 
0.01 
-0.00 
0.00 
-0.01 
-0.02 
7.99 
7.99 
N P R  
0.984 
0 .990  
0.982 
0.965 
0.953 
0.938 
0.927 
0.925 
2.003 
0.976 
3.s45 
6.013 
10.062 
1.109 
1,110 
1.104 
1.107 
1.097 
1.102 
1.104 
1.107 
1.106 
2.021 
3,SlS 
4.204 
6.007 
7.995 
1.103 
2.014 
- 
c L  
" . 
-0.0269 
0.0005 
0.0286 
0 0533 
0.0724 
0,0897 
0.0893 
-0.0002 
0.0006 
0.0007 
0.0008 
-0.0000 
0.0193 
0.0101 
0.0166 
0.0231 
0.0305 
0.0423 
0 Ob25 
0.0806 
0.0146 
0.0143 
0.0144 
0.0140 
0.0132 
0.0610 
0.0616 
o.ooo4 
0.0164 
c D  
0.0218 
0. 0228 
0.02 19 
0.0231 
0.0260 
0.0301 
0.0357 
0.0393 
0.0208 
0.0222 
0.0213 
0.0204 
0.8181 
0.0094 
0.0089 
6.0094 
0.0101 
0.0116 
O.Ot39 
0.0103 
O.OZQ2 
0.0094 
0.0077 
0.0078 
0.0078 
0.0073 
0.0066 
0.0182 
0.0166 
'm 
-0.0076 
0.0283 
-0.0493 
-0.0016 
-0.0811 
-0.10a9 
-0.la62 
- 0 . 1 2 s ~  
-0.0083 
-0.0071 
-0.0084 
-0.0087 
-0.007.7 
-0 .0222 
-0.0151 
-0.0235 
-0.0324 
-0 .0148  
-0.0&33 
-0.0230 
- 0 .  f 189 
-0,0204 
-0.0202 
-0.6203 
-0.0197 
-0.0186 
-0.0923 
-0.o91a 
- 0 . 0 9 3 ~  
0.900 
0.898 
0.898 
0,901 
0.901 
0,851 
0.850 
0.798 
0.800 
0,600 
0.600 
0.601 
0,600 
0.599 
0.598 
0.603 
0.598 
0.s99 
0.601 
0.602 
0,602 
0,602 
0.602 
0.600 
0.600 
0,598 
0.599 
0.599 
0.599 
0 .s99 
0.600 
" 
a, de9  
.~ 
7.99 
8.06 
8.01 
-0.01 
8.00 
0.00 
-0.01 
-0.01 
-0 .03  
0.01 
-2.03 
-0.02 
2.01 
3.97 
5.97 
7.98 
9.99 
0.01 
-0.02 
-0.03 
-0.01 
-0.01 
-0.02 
4.00 
7.98 
8.00 
7.98 
7.98 
7.98 
7.98 
-0.02 
N P R  
3 .S22 
4.214 
6.032 
8,002 
1.106 
3.990 
1.089 
1.073 
3,899 
1.035 
1.037 
1.036 
1.035 
1.035 
1 .035 
1.037 
1.037 
2.004 
1.036 
3.401 
4,012 
C.027 
7.997 
3.107 
1.035 
2.614 
3.422 
4.006 
6.042 
7.967 
1.036 
c D  
C 
m 
0.0610 
0.0619 
0.0613 
0.0619 
0.0161 
0.0181 
0.0170 
0.0157 
0.0146 
0.0131 
-0.0062 
0.0131 
0.0218 
0.0407 
0.0571 
0.0815 
0.0721 
0.0131 
0,0120 
0.0117 
0.0119 
0.0114 
0.0109 
0 0399 
0.0725 
0.0732 
0.0724 
0.0725 
0.0726 
0.0729 
0.0133 
0.0168 
0.01&3 
0.0156 
0.0093 
0.0087 
0.0073 
0.0081 
0.0068 
0.0076 
0.0076 
0 . 0 0 8 3  
0.0097 
0.0125 
0.0210 
8.0161 
0.0078 
0.0066 
0.0066 
0.0066 
0.0060 
0.0054 
0 . 0 0 9 0  
o.o16e 
0.0027 
0.0161 
0.0152 
0.0154 
0.0152 
0.0148 
0.0112 
0.0078  - IO166 
-0.09t3 
-0.0923 
-0.0921 
-0.0915 
-0,0236 
-0,0219 
-0.0200 
-0.018S 
-0.016C 
-0.0166 
0.0011 
-0.0552 
-0.0542 
-0.0780 
-0.12u  1 
-0.1006 
-0,0166 
-0.0 LO9 
-0.01us 
-0.OlU8 
-0,0143 
-0.0t38 
-0.0330 
-0.1006 
-0.101u 
- 0 . 1 o o u  
-0.1001 
-0,1007 
-0.1012 
-0.0287 
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TABLE 111.- Concluded 
( m )  c ~ , ~ ~  = 24.38 cm; s y m m e t r i c a l   v e r t i c a l - t a i l   a i r f o i l ;  
+t = Oo; 9, = Oo; a l t e r n a t e   i n t e r f a i r i n g  
M a , d e g   N P R  C L  c D  
. .~ 
1 .zoo 
1.199 
1.201 
1,201 
1.197 
1 .202 
1 .zoo 
1.199 
1.202 
1,200 
1.199 
1.199 
1 .a01 
1,201 
1 .200 
1.153 
0.941 
1.150 
0.939 
0.899 
0.899 
0.899 
0.899 
0.901 
0.897 
0.897 
0.902 
0.902 
0.901 
-0.02 
-2.03 
0.01 
2.01 
3.99 
6.00 
7.96 
-0.02 
-0.02 
-0.02 
-0.00 
- 0 . 0 1  
4.00  
3.97 
-0.01 
-0.01 
-0.02 
0.00 
-0.01 
0.00 
-2.04 
-0.01 
1.98 
5.99 
3.98 
7.98 
-0.03 
10.00 
-0 .00  
0.952 
0.967 
0.951 
0.941 
0.929 
0.920 
0.879 
0.950 
1.997 
3.522 
6.017 
9.972 
,0.925 
5.984 
0.946 
0.958 
5.600 
1.122 
4.269 
1.110 
1.111 
1.110 
1.108 
1.097 
1.104 
1.105 
1.104 
1.112 
2.010 
-0.0039 
-0.0326 
-0.0024 
0.0263 
0.0535 
0.0761 
0.0885 
-0.0048 
-0.0047 
-0.0058 
-0.0042 
-0.0072 
0.0533 
0.0502 
-0.0050 
-0.0059 
-0 .0064  
0.0034 
0.0038 
0.0091 
0.0110 
0.0113 
0.0175 
0.0239 
0.0362 
0.0709 
0.0543 
0.0100 
0.0099 
0.0234 
0.0246 
0.0236 
0.0246 
0.0275 
0.0371 
0.0239 
0.0221 
0.0218 
0.0214 
0.0275 
0.0190 
0.0251 
0.0316 
0.0237 
0 0247 
0.0234 
0.0082 
0.0068 
0.0092 
0.0088 
0.0092 
0.0098 
0.0109 
0.0130 
0.0221 
0.0168 
0.0093 
0.0074 
-0.0015 
0.0364 
-0.003U 
-0.0420 
-0.1079 
-0.1239 
-6.0004 
-0.0003 
-0.0014 
0.003C 
0.001.u 
-0.0735 
-0.0786 
-0.0004 
-0.0094 
0.0003 
-0.0102 
-0.0110 
-0.0094 
-0.0173 
-0.0259 
-0,0593 
-0.0367 
-0.0626 
-0.1065 
-0.0155 
-0.0157 
-0.o7e3 
-o .oooa 
~ 
M 
~~ 
0.902 
0.901 
0.897 
0.902 
0.899 
0.900 
0.898 
0.901 
0.900 
0.900 
0.900 
0.849 
0.850 
0,800 
0.801 
0.602 
0.602 
0.601 
0.600 
0,600 
0.599 
0 ,601  
0.999 
0.601 
0,601 
0.600 
0 ,601  
0,601 
0.601 
0.599 
0,600 
0.599 
0.602 
0.600 
0.601 
a, d e g  
-0 .01  
-0.01 
-0.00 
0.00 
4.01 
3.98 
8.00 
7.99 
7.98 
7.98 
-0.03 
-0.02 
-0.01 
-0.0.1 
-0 .01 
-0. 0 2  
-2.02 
-0.03 
2.00 
3.98 
5.99 
9.99 
7.98 
-0.00 
8.10 
-0.01 
-0.01 
-0.01 
-0.02 
4.00 
3.98 
1.97 
8.00 
7.98 
1 .99  
0,601  -0 .01 
N P R  
4.199 
3.509 
6.004 
7,998 
1.095 
4,185 
4.190 
1.999 
7.994 
1.108 
4.001 
1.092 
1.077 
3.881 
1 .040 
1.040 
1.039 
1.039 
1 .O39 
1.038 
1 .039 
1.039 
2.019 
1.039 
3.397 
6.081 
3.996 
7.992 
1.037 
3.400 
1.038 
1,993 
3.417 
7.994 
1.038 
1.104 
c L  
0.0094 
0.0094 
0.0087 
0.0096 
0.0232 
0.0230 
0.0544 
0,0532 
0.0103 
0.0537 
0.0129 
0.0122 
0.0106 
0.0111 
-0,0032 
0.0093 
0.0091 
0.0217 
0.0352 
0.0513 
0.0668 
0.0805 
0.0656 
0.0080 
0.0085 
0.0080 
0.0080 
0.0075 
0.0343 
0.0345 
0.06bO 
0.0667 
0.0665 
0.0673 
0 * 0535 
c D  
0.0075 
0.0076 
0.0069 
0.0063 
0.0107 
0.0093 
0.0168 
0.0152 
0.0193 
0;0142 
0.0086 
0.0092 
0.0072 
0.0083 
0.0070 
0.0077 
0.0079 
0.0037 
0.0083 
0.0097 
0.0122 
0.0157 
0.0202 
0.015e 
0.0068 
0.0067 
0.0067 
0.0057 
0.0088 
0.0095 
0 .0157  
0.0147 
0.0149 
0.0138 
0.0062 
0.0091  0. 080 
-0.6140 
-0.0150 
-0.0147 
-0.0141 
-0.0333 
-0.0352 
-0.0826 
-0,0812 
-0.0815 
-0,0159 
-0.0816 
-0.01'14 
-0.0166 
-0.01UO 
-0.0148 
- 0 . 0 1 2 ~  
-0.0121 
0.0044 
-0.0890 
-0.0477 
-0.0709 
-0.093C 
-0.1148 
-0.0112 
-0.0921 
-0.0105 
-0.0104 
-0.0099 
-0.0104 
-0.0464 
-0.04&3 
-0.0932 
-0.0923 
-0.0930 
-0.0941 
-0.0118 
34 
M 
1 . 2 0 0  
1,200 
1.198 
1.192 
1.199 
1 .205 
1.207 
1.174 
1.201 
1.203 
1.194 
1,202 
1 .203 
1.197 
1.203 
1,202 
1.201 
1.201 
0 . 0 0 0  
0.938 
0.939 
0.938 
0.935 
u.943 
0.943 
3.940 
J.900 
3.897 
j .901 
3.901 
3.901 
1.899 
5.899 
3.898 
3.898 
3.902 
3.899 
1.900 
1.900 
).901 
).901 
1.899 
i.900 
1.899 
1.898 
1.900 
i .901 
1.898 
TABLE 1V.- BASIC  FORCE  AND  MOMENT DATA FOR  CONFIGURATION  WITH 
HORIZONTAL  TAILS  AFT AND VERTICAL  TAILS  MID 
a ,   deg  
0.01 
-2 .00 
0 .02  
2.01 
6.01 
4.00 
8.01 
0 . 0 0  
0.01 
0 . 0 3  
0.02 
0.00 
9.02 
U.03 
9.03 
4.02 
4.01 
-0.01 
0 . 0 0  
0.07 
0.15 
n.oo 
0.00 
-0.01 
0.02 
-0.01 
0.00 
-2.01 
0 . 0 0  
2.01 
u .n l  
5.99 
8.01 
9.98 
0.01 
0.01 
0.00 
0.02 
0.Ul 
-0.00 
9.02 
4.05 
4.01 
4.01 
4.00 
8.01 
3.99 
e.on 
( a )  
N P R  
0.957 
0.966 
0.953 
0.944 
0.902 
0,926 
0.909 
0.949 
2.021 
5.954 
5.481 
10.091 
0.934 
3.536 
1.998 
6.004 
9.954 
0.941 
1 . o o o  
1.101 
2.001 
2.008 
8.042 
3.U96 
4.303 
1.098 
1.101 
1.103 
1.101 
1.095 
1.082 
1  .087 
1.084 
1.090 
2.003 
1.102 
3.498 
5.999 
4.170 
8.n13 
2 . n 2 4  
1.081 
3.492 
4.202 
6.031 
8.nou 
1 . O B 8  
1.970 
= 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l :  
c L  
-0.0055 
-0.0319 
- 0 . 0 0 5 2  
0.0217 
0,0482 
0 .0668  
- 0 . 0 0 6 8  
0 . 0 8 3 0  
-0.0065 
- 0 . 0 0 6 5  
-0.0069 
- 0 . 0 0 6 8  
0.0477 
0.0477 
0.0480 
0.0480 
-0.0075 
0.0476 
- 0 . 0 0 0 3  
0.0100 
0 . 0 0 7 4  
0.0078 
0.0093 
0,0068 
0.0058 
0.0090 
0.0120 
0.0165 
0.0168 
0.0227 
0.0248 
0.0355 
0.0544 
0.0170 
U.0133 
0.0142 
0.013R 
0.0108 
0.0124 
0.0217 
0.0233 
0.0224 
0.0225 
0.0226 
0.0217 
0.0527 
0.0749 
0.1-1519 
c D  
0 . 0 2 2 0  
0 0 2 3 3  
0.0223 
0.0232 
0 e 0299  
0.0255 
0.0359 
0.0216 
0.6222 
0 . 0 2 2 0  
0.0214 
0.0191 
0.0257 
0.02U7 
0.0251 
0.0243 
0 .0225  
- 0 . 0 0 0 0  
0.0223 
0.0104 
o . o o e 9  
u.noRn 
o.noqu 
0.0091 
0.0079 
0.0104 
0.0102 
n.on96 
o .n l1o  
0.0102 
0.0123 
0 . 0 1 ~ 3  
0.0181 
0.0239 
0.0102 
u.nn86 
o.ooee 
n.on87 
o.one2 
0.0075 
0.0120 
0.01ou 
0.0107 
o.n lC6 
0.un94 
n.0102 
o.n177 
0.0160 
@t = oo 
c m  
0.0392 
0;0035 
- 0 . 0 3 3 3  
0.0035 
-0.0699 
-0.0911 
-0.11.7b 
0.0051 
0.0047 
0.0047 
0.0052 
-0.069s 
0.0089 
-0.069E 
-0.0702 
-0.0692 
-0.0702 
0.0057 
0 . 0 0 0 3  
-0 .0151 
-0.0115 
-0.n145 
-0.0115 
-0.0132 
- o . o l b c  
-0.02se 
- n . n l e s  
- 0 . 0 2 t l  
-0.0344 
-0.0395 
-U.O563 
- 0 . o e 4 3  
- 0 . 0 2 ~ :  
-0. I 1 2 4  
-0.0207 
-0 .n22 1 
-0.0217 
- 0 . n 2 o c  
-0.0177 
-0.0375 
-0.0345 
-0 .03 t1  
-0.0363 
-0.03tZ 
-0.0351 
-0.OR19 
-0 .0802 
-0.0161 
b a s i c  i n t e r f a i r i n g  
M a , d e g  N P R  c L  c D  cnl 
0.901 
0.900 
.0.900 
0.900 
0.901 
0.851 
0.853 
0.849 
0,852 
0.850 
0.852 
0 . 8 0 0  
0.802 
0.801 
n.802 
0.801 
0.801 
0.801 
0.597 
0.601 
0.601 
0.602 
0.599 
0.600 
0.602 
0,601 
0.599 
0.600 
0.600 
0.601 
0.601 
0.600 
0.599 
0.601 
0.600 
0.601 
0.602 
0.602 
0.599 
0.601 
0.601 
0.601 
0.600 
0.600 
0.602 
0.600 
8.01 
8.00 
7.98 
7.99 
-0.01 
-0.01 
0.00 
0.01 
0.05 
0.00 
-0.01 
-0.01 
-0.03 
0 . 0 1  
-0.01 
0.00 
-0.01 
0.00 
-2.01 
0.02 
-0.00 
0.06 
1.99 
4.01 
6.00 
8.01 
-0.01 
10.01 
0.00 
0.00 
0.01 
0.01 
0.00 
4.00 
u . 0 2  
4.00 
4.00 
4.02 
8.00 
8.01 
8.01 
7.99 
8.00 
7.99 
-0 .02 
7.99 
3.496 
6.007 
4.207 
7.998 
1.101 
2.008 
3.503 
3.993 
R.non 
I .n8u 
1.073 
2.002 
3.903 
4.978 
7.998 
8.009 
1.071 
1.035 
1.037 
I .036 
1.036 
1.035 
1.035 
1.036 
1 .OS6 
l . f l 37  
1.037 
2.007 
3.395 
5.998 
3.987 
7.993 
1.054 
2.003 
3.399 
3.999 
6.000 
8.010 
2 . 0 0 0  
1.035 
3.999 
3.410 
5.994 
9.007 
I .a35 
1.086 
0.0512 
0.0515 
0.0517 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0 
0.0 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
- 1  
n.0173 
0 . 0 1 5 0  
0.0025 
0.0154 
0.0151 
0.0281 
0.0418 
0.0576 
0.0723 
0.0885 
0.0151 
0.0103 
0.0140 
O.OlU0 
0.0132 
0.0122 
o . o u o 2  
0.0403 
0.0399 
0.0399 
0.0712 
0.0712 
0.0711 
0.0711 
0.0710 
0.0146 
n.0399 
0.0387 
0.07111 
61  
17 
9 3  
74 
72 
5 1  
8 5  
66 
78 
63 
6 1  
49 
43 
7n 
0.0163 
0.0162 
0.0158 
0.010n 
0.0094 
0.0079 
O . O O P 0  
o.nn8u 
0.0067 
0.0093 
0.0150 
o.noes 
0.0072 
0.0073 
0.0070 
o.not-1 
o.noe5 
0.1-1079 
n.oneo 
0.0079 
o.on(r7 
0.0101 
0.0128 
0.0164 
0.0213 
u.nne2 
o.0070 
0.0071 
0.0070 
u.nnse 
n.noq9 
o.onqu 
n. on92 
o.on91 
o.onn7 
o.oneo 
o .n lb2  
0.0152 
0.0155 
0.0153 
0 .n lue  
u.0142 
0.0081 
0.0061 
0.0079 
0.0065 
-0.oeo1 
-o.neou 
- n . n ~ o t  
- 0 . 0 8 0 ~  
-0.0253 
- o . o 2 e ;  
-0.0245 
-n.11253 
-0.0253 
- 0 . 0 2 2 3  
-0.027b 
-0.0251 
- O . U 2 3 ?  
-0.0225 
-0,0227 
-0.0211 
-n.oznu 
-n.ozug 
- o . o z n i  
-0.0032 
-0.071)e 
-n.o203 
-0.0384 
-n,o57e 
- O . O P O ~  
-0.1u27 
-0.1274 
- 0 . 0 2 ~ 2  
-0.019C 
-0.01er 
-0 .01e t  
-0.n177 
- n . o l b t  
-0.o55t 
-0.0555 
-0.9545 
-0.055c 
-0.0551 
-0.0533 
-0 . lU I   1  
- o . l n l l  
-0 .101i  
- (1 .1005 
-0.1009 
- 0 . 1 0 0 7  
-0.0195 
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TABLE IV.- Continued 
( b )  C r , v t  = 24.38 c m ;  s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
+t = -2O; 4 = O o ;  b a s i c   i n t e r f a i r i n g  t 
M N P R  c L  c D  c m  
1.201 
1 . 200  
1 . z o o  
1.201 
1.199 
1.201 
1.19R 
1.201 
1 .zoo 
1.200 
1,200 
1 . z o o  
1 .200 
1.206 
1.200 
1 .zoo 
1.201 
1.201 
1.199 
1 .zoo 
1.147 
1.150 
1.148 
1.150 
1.151 
u.000 
1.149 
0.980 
0.938 
0 ,940  
0.940 
0.937 
0.937 
0,901 
0.902 
0.903 
0.897 
0.898 
0.900 
0.899 
0.895 
0.904 
0.900 
0.898 
0.901 
0.899 
0.899 
0.901 
0.900 
0.900 
-0.00 
-1.99 
2.01 
0.02 
4.02 
5.98 
8.01 
-0.01 
-0.01 
0.00 
0.00 
-0.00 
0.01 
4.01 
4.02 
4.01 
0.02 
-0.01 
u.01 
0.01 
0.01 
0.01 
0.00 
0.01 
0.03 
0.02 
-0.u8 
0.01 
-0.02 
0.00 
-0.02 
0.02 
0.01 
-2.00 
-0.03 
0.01 
1.98 
3.97 
6.01 
8.02 
10.00 
0.00 
-0.00 
0.00 
-0.07 
0.04 
0.03 
4.02 
3.98 
9.01 
4.00 
0.935 
0.934 
0.907 
0.923 
0.91'4 
0.@79 
0.099 
0.931 
2.599 
0.931 
2.027 
3.516 
5.995 
10.006 
0.916 
2.043 
5.90e 
3.528 
9.900 
0.930 
11.925 
3.505 
1.997 
5.610 
lo.n27 
0.922 
l.0QU 
1.083 
2.012 
4.250 
3.540 
8.024 
1.077 
1.078 
1.070 
1.079 
1 .on4 
-0.0321 
-0.0057 
-0.0056 
0.0209 
0.0681 
-0.0075 
0.0834 
-0.0071 
-0.0070 
-0.0079 
-0.0075 
-0.0073 
0.0073 
0.0468 
0.0074 
.0.0469 
0.0879 
-0.0061 
-0.floue 
-0.fl055 
-0.flO50 
-0.0054 
-0.0063 
-0.0050 
-0,0005 
0.0123 
0.0115 
0.0113 
0.0113 
0.0101 
0,0116 
0.0156 
0.0474 
-().on76 
o.orlu 
0.0164 
1.061  0.0248 
0.0203 
1.062 0.0355 
1.067 0.0S54 
1.071 0.0756 
2.001 0.0127 
1.079 0.0148 
3.521 0.0132 
4.191 0.0131 
8.017 0.0122 
2.012 0.0231 
1.058 0.0234 
3.564 0.0241 
4.206 0.0248 
6.008  0.0130- 
0.0737 
0.0247 
n . 0 2 ~ ~  
0.0247 
0.0275 
U.fl369 
0.0310 
0.0237 
O.fl237 
0.0233 
0.0230 
0.0226 
0.0234 
o.02uu 
0.0270 
0.0271 
0.0267 
o.nztu 
0.020c1 
0.0238 
0 .0258  
0.025(1 
0 . 0 2 4 e  
0.0750 
0.022t 
0. 025u 
-0 .0oou 
0.0152 
0.0154 
0.0137 
0.0136 
0.0123 
0.0138 
0.0145 
0.0145 
0.0150 
0.0155 
0.0169 
0,0188 
0.0229 
0.0284 
0.0145 
0.0128 
0,0131 
0.0130 
0.0118 
0.0166 
0.0150 
0.0154 
0.0193 
o.ola5 
0.0045 
0,0395 
-0.0322 
0.uou1 
-0.Oh8C 
-0.11 73 
- 0 . 0 S C 2  
o.uot0 
0.0071 
n.oobc 
o.nn72 
0.0otu 
0 . 0 0 b 5  
- 0 . 0 6 7 2  
0 . 0 0 6 5  
- 0 . 0 6 7 1  
-0.0679 
-0.06bi 
0.0030 
-0.Obtl 
0.0055 
fl.flou0 
0.0035 
0.0035 
0.0047 
0.0032 
-0.0187 
n.0005 
-0.01~0 
-0.0181 
-0.OlC3 
-0.0170 
-0.01.78 
-0.010z 
-0.0295 
-0.023U 
-0.0381 
-0.0556 
-0.0855 
-0.1145 
-0.0182 
-0,0216 
-0.0193 
-0,0191 
-0.0195 
-0.0181 
-0.0364 
-0.0360 
-0,0313 
-0.0380 
-0.02aa 
M N P R  c L  c D  C m 
0.899 
0,900 
0.895 
0.897 
0.898 
0,899 
0.897 
0.899 
0.903 
0.847 
0.851 
0.850 
0.852 
0.856 
0,848 
0.848 
0.797 
0.800 
0.799 
0.800 
0.804 
0.797 
0.599 
0.600 
0.602 
0.600 
0.601 
0.599 
0,598 
0.597 
0.601 
0.602 
0.603 
0.601 
0.602 
0.602 
0.599 
0.600 
0.600 
0.599 
0.600 
0.601 
0.602 
0.601 
0.601 
0.603 
0.601 
0.601 
0.601 
o.8aa 
4.01 
7.99 
3.99 
8.00 
7.99 
8.00 
8.00 
8.00 
-0.02 
-0.01 
-0.01 
0.01 
-0.00 
-0.06 
-0.03 
-0.00 
0.02 
0.00 
-0.00 
0.01 
-0.01 
-0.00 
-0.01 
0.01 
-1.99 
-0.02 
2.02 
3.97 
6.01 
10.01 
8.00 
-0.03 
-0.01 
-0.01 
-0 .00  
0.01 
0.01 
1.01 
0.00 
4.00 
4.01 
3.99 
3.99 
8.01 
7.99 
8.01 
7.99 
2.99 
8.00 
0.01 
5.985 
8.003 
1 .Ob4 
3.523 
1.981 
5.980 
4.226 
8 ,004  
1.074 
1.077 
2.014 
4.010 
3.507 
6,019 
4.013 
8.006 
1.071 
1 .Ob8 
2.010 
5.017 
3.909 
8.013 
1 .Ob6 
1.034 
1.036 
1.035 
1.034 
1.034 
1.033 
1.034 
1.035 
2.027 
1.035 
4.000 
3.404 
6.014 
8,009 
1.033 
2.022 
4.009 
3.378 
5.991 
8.033 
1.033 
2.008 
3.429 
3.995 
6.007 
8,006 
1 . O W  
0.0244 
0.0551 
0.0236 
O.OS39 
0.0533 
0.0551 
0.0541 
0.0539 
0.0143 
0.0174 
0.0216 
0.0181 
0.0179 
0.0175 
0.0176 
0.0165 
0.0209 
0.0258 
0.0228 
0.0232 
0.0225 
0.0206 
0.0253 
0.0206 
0.0078 
0.0211 
0.0338 
0.0474 
0.0632 
0.0934 
0.0788 
0.0204 
0.0193 
0.0190 
0.0190 
0.0187 
0.0162 
0.0452 
0.0455 
0.0457 
0.0439 
0.0447 
0.0776 
0.0779 
0.0779 
0.0776 
0.0773 
0.0766 
0.0204 
o.o18n 
0.014Q 
0 0226 
0.0142 
0.0209 
0.0213 
0.0212 
0.0209 
0.0103 
0.6201 
0.0133 
0.0120 
0.0122 
0.0122 
0.0121 
0.0115 
0.0133 
0.6109 
0.0120 
0.0106 
0.0105 
0.0107 
0.0096 
0.011.9 
0,0098 
0.0097 
0.0108 
0.0098 
0.0124 
0.0155 
0.0247 
0.0195 
0.0100 
0.0019 
0.0090 
0.0089 
0.0084 
0.0078 
0.01E3 
0.0122 
0.0115 
0.0115 
0.0110 
0.0104 
0.018Q 
0.0193 
0.0186 
0.0185 
0,0180 
0.0173 
0.0100 
-0.0381 
-0.037i 
-0.0817 
-0.082C 
-0.0833 
-0.0834 
-0.0845 
-0.0201 
-0.093! 
-0.029t 
-0.0234 
-0.0247 
-0.0244 
-0,024 1 
-0.0238 
-0.0281 
-0.022~ 
-0.0343 
-0.0299 
-0.029.7 
-0.0305 
-0.0272 
-0.033C 
-0.0265 
-0 .0089  
-0.0270 
-0.0640 
-0.0671 
-0,1105 
-0.1331 
-0.02a3 
-0.0259 
-0.0259 
-0.0239 
-0.023s 
-0.0606 
-0.0623 
-0.0614 
-0.0611 
-0.0601 
-0.0590 
-0.1090 
-0.1089 
-0,1091 
-0.1086 
-0.1082 
-0.101U 
-0.0299 
-o.ouac 
-0.02a1 
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TABLE I V  .- Continued 
(c) c_ .-+ = 24.38 c m ;  symmetrical v e r t i c a l - t a i l  a i r f o i l ;  
M 
1 .200 
1.201 
1 .I98 
1.199 
1.198 
1.200 
1.197 
1.198 
1 .201 
1.198 
1.201 
1 .202 
1.201 
1.201 
1 .200 
1 .zoo 
1.200 
1.199 
1 .zoo 
0.940 
1 a202 
0.938 
0.9112 
0.939 
0.957 
0.938 
0.901 
0.897 
0.901 
0.899 
0.899 
0.898 
0.895 
0.901 
0 . 899 
0.899 
0.899 
0.899 
0.900 
0.898 
0.900 
0.902 
0.901 
0.899 
0,900 
0.899 
0.896 
0.898 
0.900 
a,  deg N P R  
- "_ 
0.03  
-1.90 
0.00 
1 .89 
3.80 
5.71 
7.66 
0.01 
0.02 
0.01 
0.01 
0.02 
0.03  
-0.02 
3.77 
3.78 
3.78 
3.78 
3.79 
- 0 . 0 8  
0.00 
-0.06 
-0.07 
-0.06 
-0.04 
-0 .06  
-0.08 
-2.ou 
- 0 . 0 5  
1.92 
3.07 
5.02 
7.74 
-0.07 
9.65 
-0.06 
- 0 . 0 5  
-0.07 
-0.06 
-0.03 
3.87 
3.07 
3.69 
3.88 
3.89 
3.08 
7.73 
7.77 
7 ,  76 
.~ . . 
0.981 
0.978 
0.975 
0.966 
0.958 
0.964 
0.936 
0.975 
0.974 
2.051 
1.999 
3'.506 
5.981 
10.022 
2.010 
0.956 
3.509 
4.018 
9.967 
0,967 
1,.128 
4.286 
3.502 
2.986 
1.125 
1,111 
h.110 
1.110 
I. 110 
1.106 
1.107 
1.107 
1.107 
1.114 
2.021 
3.494 
4.205 
6.004 
8.012 
1.108 
2.009 
4.205 
3.495 
5.990 
7.995 
1.109 
2.001 
3.S14 
a.009 
L, " L  Gt = 2 O  ; $t = Oo ; basic i n t e r f a i r i n g  
. -.. 
c L  
- . .  
-0.0097 
-0.0367 
-0.0111 
0.0157 
6.0429 
0.0632 
0.0783 
-0.0118 
-0.0116 
-0.0116 
-0.0115 
-0.0113 
-0.0111 
-0.0123 
0.0423 
0.0417 
0.0417 
0,0415 
0.0420 
-0.0125 
0.0080 
0.0060 
0.0059 
0.0064 
0.004u 
0.0069 
0.0690 
0.0034 
0.0094 
0.0331 
0,0235 
0.0511 
0.0703 
0.6086 
0.0091 
0.0082 
O a O O 7 C  
0.0066 
0.0073 
0.0222 
0.0190 
0.0201 
0.0201 
0.0194 
0.0179 
0.0495 
0.0468 
0.0467 
0.0163 
- ~" 
c D  
- .  
0.02UO 
0.0221 
0.0223 
0.0225 
0.0244 
0.0281 
0.0328 
0.022u 
O.OZt5 
0.0215 
0.0219 
0.0210 
0.0188 
0.0204 
0.0235 
0.0240 
0.0232 
0.0211 
0 0223 
0.0088 
0.0069 
0.0071 
0.0070 
0.0058 
0.0085 
0.0081 
0.0084 
0.0088 
0.0084 
0.0114 
0.0698 
0.0148 
0.0201 
0.0083 
0.0066 
0.0067 
0.0065 
0.0060 
0.0052 
0.0090 
0.0017 
0.0079 
0.0079 
0.0073 
0.0066 
0.0145 
0.0128 
0.0126 
0.02a4 
" 
'm 
. ." 
0.0011 
0.0494 
0.0098 
-0.0272 
-0.091.4 
-0 .OM 1 
-0.llC7 
0.0106 
0.0103 
0.0104 
0.0102 
0.0100 
0.0104 
-0.6635 
0.0133 
-0.062e 
-0.0632 
-0.0622 
-0.0 1.19 
0.0115 
-0.OL50 
-0.oto7 
-0.01.56 
-0.0130 
-0.01,68 
-0.0104 
-0.0189 
-0,0285 
-0.0181 
-0.0558 
-0.0122 
-0.1075 
-0.01.74 
-0.0182 
-0.0162 
-0.0169 
-0.Ol.U8 
-0.0159 
-0.0390 
-Ob0339 
-0.0369 
-0.0359 
-0.0341 
-0.0321 
-0.079g 
-0.07Sh 
-0.07¶f 
-0.06aq 
-o.ouoc 
T M 
. 
0.VOO 
0.900 
0.901 
0.900 
0.808 
0.849 
0.848 
0.851 
0.848 
0.850 
0.799 
0.799 
0.800 
0.800 
0,800 
0 . 802 
0.600 
0.601 
0.600 
0.602 
0.602 
0.599 
0.600 
0.598 
0.599 
0.602 
0.602 
0.599 
0.599 
0.600 
0.599 
0.599 
0 -599 
0.598 
0.S98 
0.599 
0.600 
0.600 
0.600 
0.600 
0.599 
0.S99 
0.600 
a, d e g  
7.77 
7.75 
7.76 
-0.07 
-0.04 
-0.04 
-0.05 
-0.04 
-0 .OU 
-0.02 
-0.03 
-0.03 
-0.ou 
-0.03 
-0.02 
-0.02 
0.04 
-1.98 
-0.03 
1.94 
3.93 
5.86 
7.133 
-0.01 
9.81 
-0.03 
-0.02 
-0.01 
-0.03 
-0.03 
3.92 
3.93 
3.92 
3.93 
3.91 
3.94 
7.85 
7.86 
7.04 
7.85 
7.83 
7.83 
-0 .03  
N P R  
6.612 
4.194 
8.015 
1.112 
1.098 
2.003 
3.51 1 
4.010 
8.014 
1.. 095 
2.007 
1 .080 
3.900 
4.997 
8.000 
1.076 
1.037 
1 .a38 
1.037 
1.037 
1 -036 
t .036 
1.037 
1.038 
1.037 
3.414 
1.997 
4.005 
6,002 
7.999 
1.035 
3.405 
1.996 
4.013 
5.988 
8.035 
1.036 
3 994 
3.409 
6.009 
8.005 
t . 037  
1,.996 
0.0470 
0.0460 
0.0458 
0.0086 
0.0088 
0.0080 
0.0083 
0.0079 
0.0072 
0.0082 
0.0073 
0.0070 
0.0068 
0.0066 
0.0063 
0.0070 
0.0063 
-0.0057 
0.0061 
0.0191 
0.0330 
0.0478 
0.0614 
0.0763 
0.0014 
O e O 0 5 5  
0.0052 
0.0055 
OeOO50 
0.0048 
0.0320 
0.0313 
0.0315 
0.0311 
0.0311 
0.0306 
0.0616 
0.0620 
0.0617 
0.0616 
0 06 1.7 
0.0621 
0.0698 
- 
0.0128 
0.0122 
0.0114 
6.0081 
0.0076 
0.0061 
0.0063 
0.0062 
0.0049 
0.0077 
O.OO(13 
0.0064 
0.0052 
0.0061 
O.OOF7 
0.0073 
0.0075 
0.0021 
0.0017 
O.OO*? 
0.0089 
0.0110 
0.01UO 
0.0184 
0.0075 
0.0063 
0.0064 
0.0063 
0.0057 
0.0051 
0.0085 
0.0077 
0.0078 
0.0078 
0.0023 
0.0066 
0.01'39 
0.0130 
0.0132 
O.Otf1 
0.0125 
0.0120 
0.0074 
-0.076C 
-0.0741 
-0.07.94 
-0.0 1*7-l 
-0.016C 
-0.0149 
-0.0191 
-0.0141 
-0.0110 
-0.0135 
-0.01.52 
-0.0131 
-0.0121 
-0.0124 
-0.0131 
-0.0114 
0.0093 
-0.0111 
- 0 . 0 1 3 ~  
-0. oas I 
- o . o w  
-0.0701 
-0.0903 
-0.1  E30 
-0.0116 
-0.0104 
-0.0099 
-0.0143 
-0.0097 
-0.0094 
-0.0073 
-0.0463 
-0,0466 
-0.0062 
-0.0460 
-0.0455 
-0.0907 
-0.0909 
-0.0909 
-0.0907 
-0.0908 
-0.0911 
-0.0107 
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TABLE I V  .- Continued 
CL-,Vt 
= 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
t t 3, = 4 O ;  I$ = Oo; b a s i c   i n t e r f a i r i n g  
M a , d e g  N P R  C L  c D  c m  
14200 
1.202 
1.199 
1.202 
1.201 
1.200 
1.200 
1 .zoo 
1 . Z O O  
1.202 
1.201 
1 .zoo 
1.200 
1.203 
1.202 
1.201 
1 .LO2 
1 .2o2 
1,201 
1.154 
1.150 
1.150 
1.147 
1.149 
1,151 
0.941 
0.941 
0.991 
0.943 
0.940 
0.939 
0.902 
0.902 
0.900 
0.898 
0.898 
0 .898 
3.897 
3.900 
1.901 
I .902 
9.898 
3.900 
3.899 
3.901 
3.900 
1.903 
1.901 
).900 
-2.01 
0.02 
-0.00 
1.99 
5 .99  
3.98 
-0.01 
8.00 
0.00 
0.00 
-0.01 
-0.00 
3.99 
4.01 
9.01 
4.02 
3.99 
3.99 
-0.01 
0.00 
0.01 
0.01 
-0.01 
0.02 
0.01 
0.00 
-0.01 
0.01 
-0.01 
-0.01 
0.01 
-0.01 
2.01 
0.00 
3.99 
6.02 
8.01 
-0.03 
10.01 
-0.00 
0.01 
-0.04 
-0.01 
0.05 
-0.00 
3.99 
4.01 
4.00 
-1.99 
0.979 
0.984 
0.976 
0.960 
0.957 
0.961 
0.938 
0.973 
2.028 
3.530 
10.028 
6.042 
0.954 
2.019 
3.546 
6.000 
4.025 
9.986 
0.969 
0.976 
2.006 
3.505 
0.969 
1.997 
3.502 
1.137 
2.021 
3.502 
4.308 
8.033 
1.135 
1.117 
1.118 
1.116 
1.116 
1.113 
1.116 
1.118 
1.119 
1,118 
2.007 
4.195 
3.517 
4.194 
6.016 
8 .001  
2.015 
1.113 
3.519 
-0.0186 
-0.0476 
-0.0185 
0.0128 
0.0617 
0.0425 
0.0801 
-0.0196 
-0.0186 
-0.0191 
-0.0193 
-0.0195 
0.0420 
0.0423 
0.0417 
0.0418 
0.0418 
0.0410 
-0.0214 
-0.0203 
-0.0208 
-0.0202 
-0 .6209 
-0 .0208 
-0.0204 
-0.0025 
-0.0025 
-0.0025 
-0.0032 
-0.0027 
-0.0025 
-0.0016 
-0.0012 
-0.0070 
0.0070 
0,0151 
0.0252 
0.0436 
0.0655 
-0.0010 
-0.0010 
-0.0012 
-0.0015 
-0.0014 
-0.0018 
-0.0018 
0.0137 
0.0137 
0.0134 
0.0248 
0.0277 
0.0250 
0.0247 
0.0264 
0.0347 
0.0252 
0.0241 
0.0244 
0.0235 
0.0213 
0.0264 
0.0293 
0.0300 
0 0257 
0.0248 
0.0256 
0.0250 
0.022s 
0.0257 
0.0252 
0.0217 
0.0260 
0.0250 
0.0254 
0.6089 
0.0072 
0.0074 
0.0072 
0.0060 
0.0089 
0.0087 
0.0093 
0.0087 
0 . 0 0 8 8  
0.0092 
0.0105 
0 .0140  
0.0198 
0 . 0 0 9 0  
0.0072 
0.0073 
0.0072 
0.0071 
0.0067 
0.0060 
0.0091 
0.0076 
0.0075 
0.0204 
0.0592 
0.0202 
-0.0637 
-0.0232 
-0.0888 
-O.ll .U3 
0.0215 
0.0207 
0.0209 
0.0210 
-0,0635 
-0.0638 
-0.OL31 
-0.0634 
-0.0633 
-0.0620 
0.0221 
0.0230 
0.0221 
0.021.4 
0.0221 
0.0221 
-0.0062 
0.0216 
-0.0066 
-0.0052 
-0.0063 
-0.0061 
-0.0062 
-0,0058 
-6.0061 
0.0021 
-0.0176 
-0.0312 
-0.046C 
-0.0735 
-0.1028 
-0.00c2 
-0.0064 
-0.0059 
-0.0055 
-0.0058 
-0.0093 
-0.0055 
-0.0295 
-0.0287 
-0.0289 
0. o2au 
~ 
M a , d e g  
0,899 
0.899 
0.900 
0 .900  
0.899 
0.898 
0.902 
0.902 
0.898 
0.851 
0.851 
0.848 
0.819 
0.851 
0.849 
0.799 
0.799 
0.801 
0.799 
0.798 
0.799 
0.798 
0.599 
0.598 
0.601 
0.600 
0.601 
0.600 
0.601 
0 .bo2 
0.602 
0.600 
0.602 
0.601 
0,602 
0.602 
0.600 
0.600 
0.600 
0,601 
0.599 
0,600 
0.598 
0.600 
0.601 
0.601 
0.602 
0.599 
0,601 
4.01 
3.99 
8.01 
4.01 
8.01 
8.01 
7.99 
8.00 
8.00 
0.00 
-0.00 
0.00 
0.00 
-0.01 
-0.00 
-0.01 
0.03 
0.01 
-0.01 
-0.01 
-0.00 
-0.00 
-0.02 
-1.98 
0.00 
1.98 
3.99 
5 .99  
7.98 
-0.01 
9.98 
0.02 
-0.01 
0.00 
0.00 
0.00 
4.00 
4.01 
3.99 
3.99 
4.00 
4.01 
8.01 
7.99 
8.01 
8.01 
8 .00  
8.04 
-6.00 
4.220 
6 .021  
8.003 
1.117 
2.003 
3.504 
4.202 
6.029 
8.010 
1.097 
2.002 
3.510 
4.001 
8.004 
1 ,081  
1.095 
2.028 
3.899 
5,028 
5,002 
7.997 
1.039 
1.078 
1.040 
1.039 
1.039 
1.039 
1.039 
1.039 
1.041 
1.040 
2.020 
3.392 
4.015 
6.004 
8.035 
2.007 
1.039 
3.414 
4.00s 
5.992 
8.019 
1.038 
2.017 
3.407 
6,000 
4,011 
7,990 
1 . O M  
0.0135 
0.0133 
0.0428 
0.0432 
0.0438 
0.0429 
0.04Ul  
-0 .0009  
0.0432 
-0.0006 
-0.0011 
-0.0011 
-0.6012 
-0.0014 
-0.0014 
-0.0010 
-0.0010 
-0.0013 
-0.0015 
-0.0015 
-0.0010 
-0.0016 
-0.0127 
-0.0002 
0.0125 
0,0262 
0.0416 
0 ,0559  
0.0705 
-0.0002 
0.0005 
-0.0005 
-0.0010 
-0.0010 
-0.0013 
0.0252 
0.0253 
0.0249 
0.0249 
0.0251 
0.0251 
0.05S2 
0 0557 
0.0558 
0.0560 
0.0558 
0.0563 
0.0003 
0.0133 
0.0076 
0.0071 
0.0064 
0.0122 
0.0138 
0.0124 
0.0123 
0.01  11 
0.0118 
0 .0089  
0.0073 
0.0076 
0.0075 
0.0063 
0.0089 
0.0074 
0.0089 
0.0075 
0.0071 
0.0071 
0.0062 
0.0087 
0.0084 
0.0090 
0.0086 
0.0086 
0.0095 
0.0145 
0.0115 
0.0186 
0 . 0 0 8 7  
0.00?7 
0.0077 
0.0074 
0.0069 
0.0063 
0.0094 
0.0084 
0.0086 
0.0085 
0.0060 
0.0144 
0.0074 
0.0135 
0.0138 
0.0136 
0.0131 
0.0157 
0.6088 
. .  
C 
m 
~~ 
-0.0285 
-0.0284 
-0.0263 
-0.0725 
-0.0726 
-0.0734 
-0,0725 
-0.0735 
-0.OOY3 
-0.0060 
-0.0052 
-0.0093 
-0.0052 
-0 .0046  
-0.0042 
-0 .0051  
-0.00411 
-0.0042 
-0.0044 
-0.0640 
-0.0039 
0.0123 
-0.0050 
-0.0227 
-0.0421 
-0.0643 
-0.0856 
-0.1082 
-0.0055 
-0.OOU8 
-0.0043 
-0,0037 
-0 .0040 
-0.0036 
-0,0406 
-0.0401 
-0.0407 
-0.0401 
-0.0404 
-0.0405 
-0.0845 
-0.0833 
-6.0854 
-0.0855 
-0.'0857 
-0.0863 
-0.0054 
- 0 . 0 7 a l  
- o . o o u c  
38 
M 
1 .BOO 
1.200 
1.201 
1.201 
1.200 
1.195 
1.191 
1.201 
1.202 
1.199 
1.201 
1.202 
0.942 
1.199 
0.941 
0.939 
0.991 
0.939 
0.940 
0.990 
0.903 
0.899 
0.902 
0.902 
0.097 
0.900 
0.899 
0.899 
0 . 9 0 0  
a ,  d e g  
-0.02 
-2.01 
-0.02 
1.97 
4.01 
5.97 
7.99 
-0.00 
-0.00 
-0.00 
-0.02 
-0.00 
4.01 
0.00 
0.00 
-0.01 
0.00 
-0.02 
-0.05 
-0.02 
-0.03 
-2.03 
-0.02 
1.99 
5.98 
3.99 
8.01 
-0.00 
9.97 
(e)  
NPR 
- 
0.965 
0.973 
0,961 
0.952 
0,,944 
0.940 
0.910 
0.958 
1 .987 
3.489 
10.044 
5.975 
5.993 
2.621 
1.109 
3.090 
4.301 
7 ,998 
1.109 
1.107 
1.110 
1.112 
1.110 
1.104 
1,090 
1 .094 
1.095 
1.096 
1.109 
TABLE 1V.- Continued 
c ~ , ~ ~  = 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
. +t 
c L  
-0.0090 
-0.0320 
-0.0040 
0.0235 
0,0507 
0.0732 
0.0862 
-0.0049 
-0.0059 
-0.0058 
-0.0059 
-0.0060 
0.0506 
0.0115 
0.0097 
0.0107 
0.0102 
0.0088 
0.0122 
0.0117 
0.0197 
0.0139 
0.0205 
0.0268 
0.0315 
0.0427 
0.0623 
0.6811 
0.0206 
= 00; = l oo ;  bas i c  
c D  
0.0211 
0.0223 
0.0212 
0.0921 
0.0249 
0.0290 
0.021.4 
0.0207 
0.0212 
0.0183 
0.0203 
0.0238 
0.0097 
0,0081 
0.0083 
0.0082 
0.0070 
0.0096 
0.0097 
0.0094 
0.0087 
0 .0095  
0.0105 
0.0121 
0.0145 
0.0188 
0.0246 
0.0096 
0 . 0 3 ~  
L 
c m  
6.0009 
0.0007 
-0.0361 
-0.0732 
-0.1034 
-0.1201 
0.0016 
0.0028 
0.0026 
-0.0737 
0.0026 
-0.0200 
-0.0173 
-0.018* 
-0.0180 
-0.0147 
-0.02t3 
-0.0202 
-0.0310 
-0.0225 
-0.0319 
-0.0406 
-0 .0489 
-0.0668 
-0.0955 
-0,1197 
-0.0511 
0 . 0 3 ~ 2  
o.ooa7 
M 
0.900 
0.899 
0.099 
0.899 
0.902 
0.901 
0.898 
0.850 
0.852 
0,849 
0.851 
0.850 
0.849 
0.198 
0.799 
0.799 
0.800 
0.800 
0.800 
0.597 
0.601 
0.601 
0.602 
0.601 
0,601 
0.598 
0.601 
0.599 
0.600 
0.600 
0.601 
0.599 
0.601 
0.599 
0.602 
0.600 
i n t e r f a i r i n g  
a, d e g  
-0.01 
-0.00 
-0.02 
-0.01 
-0.01 
3.99 
7.99 
-0.01 
-0.01 
0.00 
0.00 
-0.02 
-0.01 
-0.01 
0.00 
-0.01 
-0.00 
-0.00 
-0.00 
-0.01 
-1..99 
-0.00 
1.99 
5.98 
3.92 
7.98 
9.99 
-0.01 
-0.00 
-0.02 
0.00 
-0.01 
-0.01 
4.00 
7.99 
-0.02 
NPR c L   c D  C m 
2.010 
3.500 
4.203 
5.980 
8.005 
4.555 
4.214 
1.090 
2.000 
3.490 
3.937 
8.004 
1 .087 
1.076 
1.933 
3.885 
5.037 
7 .999 
1 .e76 
1.037 
1.039 
1 .038 
1.038 
1.038 
1,037 
1.038 
1.039 
1.038 
3.408 
1.999 
4.007 
6.000 
8.016 
3.396 
3.384 
1.038 
0.0183 
0.0178 
0.0175 
0.0148 
0.0166 
0.0279 
0.0602 
0.0210 
0.0197 
0.0197 
0.0196 
0,0175 
0.0211 
0.0189 
0.0176 
0.0178 
0.0175 
0.0161 
0.0185 
0.0148 
0.0014 
0.0152 
0 0297 
0.0442 
0.0609 
0.0772 
0.0927 
0.01so 
0.0144 
0.0138 
0.0138 
0.0131 
0.0128 
0.0426 
0.0763 
0.0118 
0.0879 
0.0081 
0.0079 
0.0068 
0.0075 
0.0105 
0.0170 
0.0086 
0.0671 
0.0072 
0.0072 
0.0059 
0.0085 
0.0082 
6.0068 
0 .0069  
0.0066 
0 0057 
0.0081 
0.0077 
0.0077 
0.0077 
0.0084 
0.0099 
0.0129 
0.0167 
0.0218 
0.0079 
0.0067 
0.0068 
0.0067 
0.0062 
0.0091 
0.0157 
0.0055 
0.0078 
-0.0279 
-0.0272 
-0.0161 
-0.0238 
-0.0441 
-0.0920 
-0.0306 
-0.0285 
-0.0285 
-0.0285 
-0.0255 
-0.0301 
-0.0869 
-0.0250 
-0.0249 
-0,0231 
-0.026P 
-0.0209 
-0.021.1 
-0.043'3 
-0.0615 
-0 ,0860 
-0.1102 
-0.1343 
-0.0210 
-0.OZOZ 
-0.01.93 
-0.OIQ1 
-0.0186 
-0.0181 
-0.0933 
-0.1090 
-0.0208 
-0.oa76 
-0.0250 
-0.ooa7 
1 
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TABLE 1V.- Continued 
(f) c ~ , ~ ~  = 24.38 c m ;  s y m m e t r i c a l   v e r t i c a l - t a i l  
(1, t = Oo; +t = ZOO; b a s i c  i n t e r f a i r i n g  
M a,  d e g  N P R  C L  c D  'rn 
1.202 
1.202 
1 .202 
1 .a00 
1.199 
1.201 
1.199 
1.200 
1.201 
1 ,201 
1.201 
1,202 
1 .zoo 
1.151 
1.146 
1,151 
1.149 
1.150 
0.903 
1.149 
0.942 
0.937 
0.937 
0.938 
0.938 
0.903 
0.899 
0.902 
0.899 
0 .e98 
0.897 
0.899 
0.899 
0.898 
0.901 
0,900 
0.902 
0.901 
0.898 
0.898 
-0.02 
-2.01 
0.01 
I .98 
5.99 
4.00 
7.99 
-0.01 
-0.01 
-0.01 
-0.01 
0.01 
-0.01 
-0.01 
0.00 
-0.02 
-0.01 
-0.01 
-0.03 
-0.01 
-0.01 
-0.00 
-0.04 
-0.01 
-0.04 
-0.02 
-2.04 
-0.02 
1.99 
3.98 
6.02 
7.97 
-0.02 
9.99 
-0.00 
-0.01 
-0.03 
0.01 
0.00 
7.99 
0.976 
0.984 
0.972 
6.965 
0.955 
0.947 
0.969 
0.919 
1.919 
3.469 
5.991 
9.994 
0.963 
0.964 
t.982 
3.498 
10.004 
5.604 
0.960 
1.112 
1 .Q98 
4.324 
3.513 
7.995 
1,.116 
1.114 
1.116 
1.110 
1.115 
1 . o w  
1.100 
1.100 
1,098 
1.114 
2.030 
3.492 
4,204 
6.019 
7.995 
1.097 
8;OO 2:016 
-0 .0029  
-0.0031 
-0.0334 
0.0260 
0.0543 
0.0776 
0.0908 
-0.0040 
-0.0047 
-0.0049 
-0.0044 
-0.0042 
-0.0043 
-0.0020 
-0.0020 
-0.0022 
-0.0026 
-0.0024 
-0.0031 
0.0137 
0.0122 
0.0140 
0.0135 
0.01  16 
0.0149 
0.0216 
0.0136 
0.0220 
0.0311 
0.0376 
0.0509 
0.0677 
0.0861 
0.0201 
0.0223 
0.020s 
0.0195 
0.0191 
0.0174 
0.0673 
0.0608 
0.0207 
0.0219 
0 .0209  
0.0220 
0.0249 
0.0349 
0,0292 
0.0212 
0.0204 
0 , 0 2 0 9  
0.0201 
0.0180 
0.0210 
0.0219 
0.0228 
0.0219 
0.0225 
0.0194 
0.0087 
0.0226 
0.0070 
0.0071 
0.0071 
0.0059 
0.0085 
0.0084 
0.0077 
0.0065 
0,0095 
0.0114 
0.0143 
0.0246 
0.0185 
0.0085 
0.0019 
0.0070 
0 .0069  
0.0057 
0.0060 
0.0167 
0.0185 
-0.0009 
0.0394 
-0,0009 
-0.0399 
-0.0717 
-0.1087 
-0.1261 
0.0009 
0.0001 
0.000s 
0.001~ 
0.0004 
0 .0013  
-0 .0030  
- 0 . 0 0 2 1  
-0.001.7 
-0.0026 
-0 .0229  
-0,0206 
-0.0234 
-0.0204 
-0 .0250  
-0 .0333  
-0.0220 
-0 .0336  
-0.0159 
-0.0568 
-0.0723 
-6.1258 
-0,1017 
-0 .0336 
-0 .0303 
-0.0307 
-0.0290 
-0.0170 
-0.1009 
-0.0973 
-0.0030 
-o.oota 
-0.o22e 
-0.ot9a 
0;902 .~ 
T M 
0.902 
0.902 
0.899 
0.898 
0.903 
0.849 
0.650 
0.851 
0.852 
0.852 
0.803 
0.850 
0.798 
0.801 
0.798 
0.803 
0.803 
0.601 
0.602 
0.603 
0.598 
0.600 
0.601 
0.599 
0.597 
0,600 
0.602 
0.601 
0,601 
0.601 
0.602 
0,601 
0.601 
0.602 
0.602 
0.601 
0.601 
0,600 
0.601 
0.599 
a ,  d e g  
8.00 
7.98 
7 .98 
7.99 
-0.01 
-0.02 
-0.02 
-0.00 
-0.02 
-0.01 
-6.02 
-0.02 
-0.03 
-0.01 
-0.03 
-0 .03 
-0.01 
-0.03 
-2.00 
-0.02 
2.00 
5.98 
3.97 
7.99 
9.99 
-0.00 
-0.03 
-0.01 
-0.02 
-0.02 
-0.02 
-0.02 
8.00 
8.00 
7 .98 
7.99 
7.99 
7.98 
7.97 
-0.02 
a i r f   o i  1 ;
N P R  
3.Y24 
6.016 
8.043 
1.113 
1.095 
3.519 
1.992 
4,006 
7.995 
1.093 
1.079 
3.915 
5.023 
7 .993 
1.078 
1 .038 
1.040 
1 . O W  
1 .038 
1.037 
1.038 
1 .OS8 
1,038 
2.018 
1 . O W  
0.019 
3.423 
6.005 
6.037 
8.008 
2.008 
1.037 
3.409 
4.007 
6.009 
8.007 
8.008 
I .037 
4.~17 
I .993 
~~ ~ 
0.0652 
0.0652 
0.0663 
0.0218 
0.0666 
0.0197 
0.0209 
0.0196 
0.0197 
0,0204 
0.0180 
0.0176 
0.0185 
0.0170 
0.0174 
0.0176 
0,0160 
0,0144 
0.0000 
0.0151 
0.0305 
0 0072 
0.0648 
0.0808 
0.0960 
0.0151 
0,0145 
0.0135 
0.0140 
0.013s 
0.0140 
0.0130 
0.0610 
0,0812 
0. 0809 
0.0814 
0.0814 
0.0810 
0.0150 
o.oa13 
0.0168 
0.0168 
0.0164 
0.0084 
0.0157 
0.007,7 
0.0013 
0.0064 
0.0063 
0.0050 
0.0075 
0.0076 
0.0062 
0.0013 
0.0010 
0.0051 
0.0075 
0.0070 
0.0071 
0.0070 
0.0078 
0.0095 
0.0166 
0.6073 
0.0061 
o.olas 
0.0216 
0.0062 
0.0060 
0.0055 
0.0035 
0.0049 
0.016S 
0.0154 
0.0151 
0.0151 
0.0156 
0.0144 
0.0145 
0.0072 
C 
rn 
-0.097a 
-0.09@2 
-0,0996 
-0.09V3 
-0 .0330  
-0.0297 
-0.0279 
-0.0279 
-0.0290 
-0.0257 
-0.0861 
-0.0249 
-0.0240 
-0.0228 
-0.0251 
-0.0206 
-0.0210 
-0.041.9 
-0.0148 
-0 .0913  
-0.1380 
-0.llY7 
-0.0209 
-0.0199 
-0.6190 
-0.0181 
-0.0181 
-0.0191 
-0.0181 
-0. I LO4 
-0.1143 
-0.1101 
-o.orte 
-o.oaos 
-o.oooe 
-0.1147 
-0.1193 
-0.llUC 
-0.0205 
-o.11ua 
~ .. 
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TABLE 1V.- Continued 
- . 
M 
1.201 
1 ,200 
I .202 
1.200 
1.204 
I ,206 
1.199 
1 .a01 
1.198 
1 .zoo 
1.199 
1 .2O2 
k.202 
1 ,201 
1.201 
1.201 
1.152 
1.150 
0.942 
0.941 
0.899 
0.901 
0 ,899  
0,898 
0 , 9 0 2  
0.898 
0.898 
0.899 
0.902 
0.900 
0.903 
0,901 
0.901 
8.900 
0,900 
( g )  c ~ , ~ ~  = 24.38 c m ;  v e r t i c a l - t a i l  a i r f o i l  cambered outboard; 
Jlt = Oo ; 4, = Oo; basic i n t e r f a i r i n g  
a, d e g  N P R  
-0.01 
-2.01 
-0.02 
1.99 
3.99 
6.01 
-0.00 
7.97 
-0.03 
0.00 
-0.01 
-0.01 
-0.01 
-0.02 
-0.01 
-0.03 
-0.02 
-0.02 
-0.01 
0.00 
-0.03 
-0.00 
-2.06 
1.99 
3.97 
6.00 
10.01 
7 .98  
-0.02 
1.01 
-0.00 
0.00 
-0.01 
-0.01 
-0.62 
0.964 
0.985 
0.959 
0.942 
6.942 
0.949 
0,920 
6.023 
0.952 
2.015 
3.495 
5.984 
10.048 
0,941 
0.941 
0.943 
0.949 
5.630 
4.323 
1.096 
1,096 
1.102 
1.098 
1 . O W  
1.084 
1.094 
1.090 
1.086 
1.093 
1.103 
2.017 
3.535 
4.210 
5.577 
5,992 
. ~. 
c L  
- - 
-0.0263 
0.0000 
0.0004 
0,0270 
0.0532 
0.0758 
0.0869 
-0.0006 
-0.0007 
-0.0010 
-0.0010 
-0.0015 
-0.0011 
-0.0006 
-0.0007 
-0.0011 
-0 .0002 
-0.0006 
0.0087 
0.0157 
0.0071 
0 .0096  
0.0161 
0.0L18 
0.0242 
0.0370 
0.0583 
0.0769 
0.0237 
O.Olb2 
0.0137 
0.0139 
0.0136 
0,0129 
0.0119 
c D   c m  
o.ozau 
0.6216 
0.02L7 
0.0230 
0.0256 
0.0296 
0.0354 
0.0221 
0.0207 
0.0212 
O.OZt7  
0.6186 
0.0207 
0.0220 
0.0220 
0.0220 
0 0230 
0.0098 
0.0222 
0.0096 
0 . 0 0 8 3  
0 .0019  
0.0095 
OI O l O S  
0.0118 
0.0141 
0.0185 
0.0211 
0.0118 
0.0096 
0.0019 
0.0081 
0.0080 
0.0076 
0.0074 
"
-0;0045 
0.0311 
-0.0051 
-0.oat5 
-0.0112 
-0.1015 
-0.0637 
-0.1219 
-0.0034 
-0.0050 
-0,0831 
-0.0036 
-0.0030 
-0.0039 
-0.0037 
-0.6033 
-0.0051 
-0.Ol.YY 
-0.0094 
-0.0246 
-O.O1(r3 
-0.0250 
-0.0334 
-0.0387 
-0.0585 
-0.0900 
-0.1144 
-0.03@0 
-0.oza9 
-0.021.4 
-0.0216 
-0.0211 
-0,0191 
-0.0203 
-0.013~ 
" _ ~  
I r M 
0,901 
0.901 
0 .897 
0.899 
0.897 
0.901 
0.899 
0.904 
0.808 
0.850 
0 .T98 
0.600 
0.800 
0.599 
0.600 
0.601 
0.601 
6.599 
0.600 
0.599 
0.597 
0.601 
0.601 
0.602 
0.602 
O.LOO 
0.599 
0.601 
0.604 
0.603 
0.598 
0.601 
0.600 
- .. 
a ,  d e g  
-0.03 
5.98 
0.00 
1.98 
1.98 
8.00 
7.99 
-0.02 
-0.01 
-0.02 
-0.02 
-0.01 
-0.02 
-2.02 
-0.02 
2.06 
5.98 
3.97 
t.99 
-0.02 
9.99 
-0.01 
-0.01 
-0.02 
-0.01 
-0.01 
3.98 
8.00 
3.99 
7 .w 7.98 
7.08 
-0.02 
N P R  
8.017 
1 .08S 
4.216 
1.095 
2.014 
4.202 
8,011 
1.103 
4.021 
1..088 
L.074 
3.919 
t.035 
1.037 
1.036 
1.036 
1 .os5 
1.035 
1.035 
1.037 
2.016 
1.036 
3.418 
4.020 
6,013 
8.003 
1.034 
3.034 
2.009 
1.035 
3.U18 
f.989 
1.036 
c L   c D  
C m 
0.0104 
0.0235 
o.oas0 
O.OfT4 
0.0558 
0. OS51 
0.0151 
0.0538 
0.0156 
0.0192 
0,0130 
0.0117 
-0.0021 
0.0100 
0.0106 
0.0233 
0.0369 
0.0683 
0.0525 
0.0822 
0.0105 
0.0097 
0 .0089  
0.0089 
0.0084 
0.0079 
0 0356 
0 0680 
0.0674 
0.0613 
0.0105 
0.0360 
0.0675 
0.0067 
0.0116 
0.0101 
0.0182 
0.6164 
0.0166 
0.0151 
o.0091 
0.0085 
0.0071 
0.0082 
0.0068 
0.0076 
0.0078 
0.0076 
0.0082 
0.0095 
0.0156 
0.0120 
0.0079 
0.0202 
0.0067 
0.0068 
0.0067 
0.0061 
0.0056 
0.0093 
0.0087 
0.0156 
0.0146 
0.0147 
0.0135 
0.0079 
-0.OL70 
-0.0376 
-0.OS66 
-0.0884 
-6,0856 
-0,0857 
-0, 0829 
-0.0239 
-0,0227 
-0,0207 
-0.0112 
-0.0146 
0.0028 
-0.OlY3 
-0.0352 
-0.052 1 
-0.0984 
-0.0749 
-0.0151 
-0,120~ 
-0.0140 
-0,0130 
-0.0 129, 
-0.0324 
-0.6119 
-0.0509 
-0.050 1 
-0 .0979 
-0.0971 
-0.016Q 
-0.0471 
-0.0150 
-0.o18c 
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TABLE IV.- Continued 
(h) C r , v t  = 24.38 cm; v e r t i c a l - t a i l  a i r f o i l  cambered  inboard; Gt = O o ;  Q = Oo; b a s i c   i n t e r f a i r i n g  t 
L 
M a , d e g   N P R  C L  c D  C m 1 
1.203 
1.200 
1.202 
1.198 
1.199 
1.198 
1.199 
1.198 
1.199 
1.198 
1.199 
1.201 
1.151 
0.941 
1.149 
0.941 
0.941 
0.902 
0.900 
0 .e99 
0.903 
0.900 
0.897 
0.897 
0,901 
0,899 
0.898 
0.900 
0.899 
0.900 
0.900 
0.901 
1.199 
0.901 
0,901 
-0.02 
-0.02 
-2.03 
4.00 
2.00 
5.98 
7.97 
-0.64 
-0.02 
-0.01 
-0.01 
-0.01 
-0.03 
-0.02 
-0.00 
0.00 
-0.03 
0.00 
-2.04 
-0.01 
-0.03 
2.00 
3.97 
6.06 
7.99 
9.98 
-0.01 
-0.00 
-0.00 
-0.00 
0.00 
0.00 
-0.02 
-0.02 
-0.03 
0.961 
0.971 
0.958 
0.947 
0.942 
0.945 
0.904 
0.955 
2.002 
3.514 
10.058 
6.015 
0.948 
5.589 
0.946 
1 .087 
4.310 
1.086 
1.082 
1.091 
1,.083 
1.073 
1.666 
1.065 
1.070 
1 a084 
1.077 
2.113 
2.383 
2.016 
3.507 
4.213 
4.580 
5.99s 
0.003 
-0.0107 
-0.0101 
-0,0367 
0.0175 
0.0696 
0.0407 
0.0823 
-0.0118 
-0.0122 
-0.0118 
-0.0113 
-0.0320 
-0.0112 
-0.0124 
-0.0120 
0.0013 
0.0096 
0.0041 
0.0088 
0.0054 
0.0140 
0.0093 
0.0193 
0.0509 
0.0091 
0.0722 
0.0079 
0.0079 
0.0065 
0.0072 
0.0072 
0.0070 
0.0061 
0.0305 
0.0072 
0.0220 
0.0212 
0.0237 
0.0229 
0.0293 
0.0291 
0.0340 
O.OZC7 
0.0225 
0.0220 
0.02L3 
0.0223 
0.0193 
0.0239 
0.0231 
0.0128 
0.0187 
0.011'3 
0.0122 
0.0127 
0.0133 
0.0116 
0.0205 
0.0165 
0.0128 
0.0266 
0,0111 
0.011r 
0.0114 
0.0112 
0.01L3 
0.011'5 
0.0108 
0.01a7 
o ; o i o i  
O.OltS 
0.0461 
0.0105 
-0.0271 
-0.0988 
-0.064 1 
0.0126 
0.0135 
0.0120 
0.0116 
0.0125 
-0.0100 
0.0121 
-0.0090 
-0.0096 
-0.OlS1 
-0.010s 
-0.0154 
-0,0223 
-0,0322 
-0.0804 
-0.0151 
-0*1102 
-0.0133 
-0.0131 
-0.011'3 
-0.OlZ6 
-0.OlZS 
-0.0118 
-0. I 1,60 
o.olte 
o.o1as 
-0. 0099 
-0.012~ 
-0.o1aa 
~~ 
M a , d e g   N P R  
0.901 
0.901 
0.899 
0.900 
0.900 
0.900 
0.898 
0.850 
0.902 
0,851 
0.799 
0.800 
0.600 
0.599 
0.603 
0.600 
0.600 
0,598 
0.600 
0.602 
0.602 
0.601 
0.601 
0,602 
0.598 
0.601 
0 . 599 
0.600 
0.600 
0.600 
0.598 
0.601 
0.600 
0.601 
4.02 
7.98 
3.98 
7 a98 
7.97 
7.98 
8.00 
-0 .03  
-0.00 
-0.01 
-0.02 
-0.01 
-0.02 
-0 .03  
-2.02 
2.00 
5.98 
3.97 
9.99 
7.98 
-0.01 
0.01 
-0.01 
-0.01 
-0.01 
-0.01 
3.98 
3.99 
7.97 
7.99 
7.98 
7.98 
-0.03 
0.16 
1.063 
4.204 
1.068 
2.060 
4.198 
4,199 
?.996 
i.082 
1.080 
4.011 
3.834 
3.930 
1..036 
1.037 
1.038 
1.036 
1.036 
1.036 
1.035 
1 .OS7 
i.037 
2.000 
3.395 
5.993 
4.005 
6.929 
1.033 
3.397 
2.002 
1 .os4 
3.392 
7.987 
1 .sa3 
1.036 
C 
L 
0.0179 
0.0199 
0.0185 
0.0487 
0.0504 
0.0497 
O.OSO4 
0.0094 
0.0133 
0.0171 
0.0179 
0.0182 
0.0165 
0.0042 
0.0175 
0.0303 
0.0596 
0.0438 
0.0756 
0.0904 
0.0180 
0.0166 
O.OlS9 
0.0146 
0.0154 
0.0417 
0.0415 
0.0741 
0.0741 
0.0742 
0.0736 
0.0173 
0.0164 
0.01~3 
~~ 
0.0144 
0.0131 
0.0202 
0.0186 
0.0189 
0.0177 
0.0190 
0.0116 
0.0126 
0.0104 
0.0088 
0.0088 
0,0081 
0.0081 
0.0081 
0.0088 
0.0104 
0.0131 
0.0169 
0.0220 
0.0084 
0.0073 
0.0071 
0.0073 
0.0067 
0.0102 
0.0065 
0.0096 
0.0166 
0.0158 
0.0160 
0.0148 
0.0068 
O . O O I 3  
'm 
-~ - 
-0.0301 
-0.0511 
-0.0769 
-0.0786 
-0.0800 
-0.0796 
-6.OZS8 
-0.015u 
-0.0201 
-0.0256 
-0 .  Or93 
-0.0222 
-0.0234 
-0.0052 
-0.0412 
-0.0603 
-0.0032 
-0.1071 
-0,1304 
-0,024 1 
-0.02;20 
-0,0211 
-0.ozos 
-0.0197 
-0.01.93 
-0.0578 
-0.0572 
-0.1051 
-0.1055 
-0.0222 
-0.lOU7 
- 0 . 0 7 8 ~  
-o,1osa 
-0.02a9 
- 
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TABLE IV.- Continued 
- 
M 
1.199 
1.203 
1.201 
1.201 
1.199 
1.195 
1.198 
1.195 
1.201 
1.200 
1.202 
1.200 
1,200 
1.201 
0.900 
0.900 
0.901 
0.899 
0.896 
0.899 
0.898 
0.899 
0.900 
0.898 
0.899 
0.898 
0.898 
0.900 
0.901 
(i) C r , v t  = 24.38 c m ;  v e r t i c a l - t a i l  a i r f o i l  cambered inboard; 
CGt = Oo; $t = I O o ;  b a s i c   i n t e r f a i r i n g  
a , d e g  N P R  
-0.01 
-2.04 
0.00 
2.00 
4.01 
6.00 
-0.00 
7.98 
-0.02 
-0.01 
0.01 
0.01 
-0.01 
0.00 
-0.03 
-0.00 
-2.01 
2.00 
3.97 
5.99 
10.00 
7.99 
-0.02 
0.00 
-0.02 
0.02 
-0.01 
0.00 
3.96 
0.961 
0.970 
0.958 
0.949 
0.940 
0.901 
0.931 
0.951 
0.952 
2.020 
3;508 
6.023 
9.971 
0.944 
1.090 
1.091 
1 .098 
1.078 
1 .Ob7 
1,068 
1.070 
1.076 
2.016 
1.091 
3.505 
6.001 
4.194 
8.024 
1.066 
c L  
-0.0088 
-0.0367 
-0.0082 
0.0478 
0.0198 
0.0720 
-0.0096 
0.0860 
-0.0891 
-0.0101 
-0.0096 
-0.0095 
-0.0095 
-0.0095 
0.0193 
0.0134 
0.0235 
0.0301 
0.0409 
0.0608 
0.0796 
0.0192 
0.0158 
0.0165 
0.0156 
0.0153 
0.0138 
0.0268 
0.0194 
c D  
0.02I.3 
0.0229 
0.0214 
0.0220 
0.0291 
0.0246 
0.03UO 
0.0219 
0.021.7 
0.0210 
0.0207 
0.0214 
0.0187 
0.0217 
0.0115 
0.0108 
0.0116 
0.0126 
0.0193 
0.0167 
O.OP68 
0.0210 
0.01bb 
0.0101 
0.0102 
0.0090 
0.0097 
6.0140 
0.01a3 
'rn 
0.0083 
0.0455 
0.0075 
-0.030~ 
-0,1017 
-0.0681 
-0.1204 
0.0091 
o.oo8a 
0.0099 
0.0091 
0.0090 
0.0087 
-0.0305 
0.0087 
-0.0229 
-0.0305 
-0.0562 
-0.0650 
-0.0941 
-0.1199 
-0.0501 
-0.0259 
-0.0248 
-0.0224 
-0.0244 
-0.0423 
-0.047*1 
-0.0247 
M 
0.899 
0.899 
0.901 
0.899 
0.900 
0.901 
0.600 
0.600 
0.602 
O.bO1 
0.600 
0.602 
0,600 
0.599 
0.598 
0.598 
0.601 
0.600 
0,601 
0.601 
0.600 
O.bO1 
0.601 
0.599 
0.bOO 
0.S99 
0.603 
- 
a ,  d e g  
4.01 
7.99 
8 . 0 0  
7.99 
7.99 
-0.03 
-0.02 
-2.01 
-0.02 
2.01 
4.00 
5.99 
7.99 
-0.02 
10.02 
-0.00 
0.00 
-0.01 
0.01 
-0.00 
3.99 
4.01 
7.99 
8.01 
8.00 
-0.02 
7.99 
N P R  
4.178 
1,068 
1.994 
4.214 
8.012 
1.090 
1.034 
1.035 
1 .Of5 
I. 034 
1.034 
1.033 
1.033 
1.034 
1.035 
2.017 
4.006 
3.Y04 
5.986 
8,001 
1.032 
3.428 
2.007 
1.032 
3.415 
8.023 
1.033 
c L  
- .  
0.0274 
0.0599 
o.oco1 
0.0602 
0 .0185  
0.0198 
0.0058 
0.0194 
0.0341 
0.0487 
0.0655 
0.0814 
0.0974 
0.0191 
0.0183 
0.0190 
0.0184 
0.0176 
0.0171 
0.0475 
0.0466 
0.0803 
0.0806 
0.0799 
0.0186 
o.os8a 
o.o8oa 
c D  C rn 
0.0127 
0.0208 
0.0192 
0.0195 
0.0113 
0.0114 
0.0080 
0.6080 
0.0081 
0.0089 
0.0106 
0.0136 
0.0175 
0.0229 
0.0082 
0.0072 
0.0073 
0.0071 
0.0065 
0.0059 
0.0102 
0.0096 
0.01,72 
0.0164 
0.0166 
0.0154 
0.0081 
-0.0140 
-0,093 1 
-0.0908 
-0.0932 
-0.0935 
-0.oa70 
-0.0292 
-0.6081 
-0.0266 
-0.0468 
-0.0623 
-0.0915 
-0.1154 
-0.1402 
-0.0265 
-0.0259 
-0.0249 
-0.0250 
-0.0241 
-0,0236 
-0.0651 
-0.1  l'38 
-0.0642 
-0.1 E37 
-0.11.Q3 
-0.1  I.34 
-0.0254 
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TABLE 1V.- Continued 
(j 1 cr,vt = 24.38 c m ;  v e r t i c a l - t a i l  a i r f o i l  
cambered  outboard; Gt = Oo; = 20'; 
b a s i c  i n t e r f a i r i n g  
M a, d e g  N P R  C L  c D  
0.899 
0.900 
0.897 
0.899 
0.898 
0.901 
0.899 
0.901 
0.898 
0.898 
0.899 
0.898 
0.903 
0.901 
0.897 
0.899 
0,899 
0.898 
0.899 
0.900 
0.905 
-2.01 
0.02 
-0.00 
2.01 
6.02 
3.98 
9.90 
0.01 
0.01 
-0.00 
-0.01 
-0.02 
-0.01 
4.01 
4.01 
7.99 
7.99 
7.90 
8.02 
- 0 . 0 3  
b.b7 
1.111 
1.114 
1,110 
1.109 
1.103 
1.105 
1.104 
1.102 
2.049 
1.112 
5.565 
5.993 
4.169 
8.013 
4.193 
1.100 
1.101 
1.985 
4.228 
7.96b 
1.103 
0.0161 
0.0059 
0.0162 
0 0262 
0.0374 
0.0498 
0.0706 
0.0882 
0.0146 
0.0128 
0.013U 
0.0126 
0.0120 
0.0112 
0.0352 
0.0698 
0.0320 
0.0677 
0.0684 
0.0673 
0.0507 
0.0083 
0.0084 
0.0079 
O.OOP4 
0.0114 
0.0143 
0.0192 
o.ok?so 
0.0084 
0.0066 
0.0066 
0.0065 
0.0059 
0.0107 
o.oos1 
0.0092 
0.0186 
0.0167 
0.0169 
0.0158 
0.0147 
-0.0232 
-0.0100 
-0.0232 
-0.0373 
-0.0552 
-0.1054 
-0.12?.7 
-0.0216 
-0.0197 
-0.0189 
-0.0187 
-6.0524 
-0.0111 
-0.1034 
-0.1000 
-0,0998 
-0.0771 
-0.074~ 
-0.01e3 
-0.047~ 
-0.1ooc 
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TABLE IV.- Continued 
(k) Cr ,v t  = 24.38 cm;  v e r t i c a l - t a i l  a i r f o i l  cambered inboard; 
Qt = O o ;  4t = 20°;  bas i c  in t e r f a i r ing  
M a , d e g   N P R  C L  c D  c m  
1.198 
1.201 
1.203 
1,202 
1.201 
1.201 
1 .zoo 
1 .204 
1.200 
1 .200 
1.201 
1.202 
0.940 
1,200 
0.942 
0.941 
0.99 1 
0.099 
0 .900  
0.901 
0.901 
0.898 
0.899 
0.899 
0.898 
0.899 
0.901 
0.899 
0.901 
-2.02 0.961 
0.03 0.950 
-0.02 0.948 
2.06 0.942 
4.01 0.933 
6.01 0.927 
7.98 0.897 
0.00 0.947 
-0.01 1.993 
0.00 3.543 
-0.01 10.027 
0.03 S.997 
-0.02 0.941 
-0.01 1..093 
-0.01 2 .003  
-0.00 4.294 
-0.63 1.091 
-0.00 1.095 
-2.02 1.099 
0.00 1.096 
1.97 1.086 
4.01 1.073 
8.00 1.073 
-0.02 1.096 
9.99 1.079 
-0.03 2.000 
0.00 3.498 
-0.03 4,200 
6.01 1..074 
-0.0066 
-0.0372 
-0.0073 
0.0225 
0.051s 
0.0771 
-0.0091 
0.0907 
-0.0093 
-0.6083 
-0.0091 
-0.0086 
-0.0085 
0.0162 
0.0148 
0.0159 
0.01b3 
0.0271 
0.0195 
0.0270 
0.0332 
0.0394 
0.052s 
0.0717 
0.0875 
0.0270 
0.0240 
0.0243 
0.0241 
0.0215 
0.0228 
0.021.3 
0.0220 
0.0247 
0 .0292  
0.0346 
0.0215 
0.0209 
0.0204 
0.0213 
0.0184 
0.0215 
0.0108 
0.0093 
0.0043 
0.0107 
0.0105 
0.0096 
0.0106 
0.0120 
0.0141 
0.0170 
0.021.7 
0.0273 
0.0106 
0 .0090  
0 . 0 0 9 2  
0 .0090  
0.0040 
O.OPS2 
-0.0350 
0 . 0 0 1 3  
-0.0740 
-0.1087 
-0.1266 
0.0072 
0.0079 
0.0075 
0.0013 
0.0064 
-0.0270 
0,0060 
-0.02ss 
-0.0272 
-0.037.7 
-0.on1.7 
-0  03 1.7 
-0.04157 
-0.oso1 
-0.0605 
-0 .0609  
-0 ,108s 
-0.1296 
-0.0915 
-0.0365 
-0.0310 
-0.0374 
M N P R  c L  c D  C m 
0 .900  
0.900 
0.902 
0.899 
0 . 9 0 0  
0.898 
0 .900  
0 . 9 0 0  
0,901 
0.851 
0.850 
0.798 
0.801 
0.599 
0.601 
0.602 
0.601 
0.601 
0.599 
0.598 
0.597 
0.600 
0.599 
0.601 
0.603 
0,601 
0.602 
0.601 
0,600 
0.598 
0.601 
0.600 
0.601 
0.601 
-0.02 
-0.01 
3.99 
3.99 
8.00 
8.00 
7.99 
7.99 
-0.02 
7.99 
0.00 
0.00 
-0.02 
0.00 
-2.00 
-0.02 
2.00 
5.97 
3.99 
7.98 
-0.01 
9.9s 
0.01 
0.01 
-0.00 
-0.01 
-0.00 
3.98 
3.99 
7.99 
7.98 
7.99 
I .99 
-0.02 
6 .021  
7.990 
4.204 
1.071 
2.001 
1.072 
4.194 
8.015 
1.071 
1.084 
3.995 
3.875 
1.070 
1.033 
1 .034 
1.033 
1.033 
1.032 
1.032 
1.032 
1.033 
1.033 
2.003 
3.415 
4.014 
6.012 
8.012 
1.030 
3.389 
1.030 
2.617 
0.003 
30399 
1.035 
0.022s 
0.0210 
0.0368 
0.0371 
0.0669 
0.0686 
0.0693 
0.0691 
0,0604 
0.0307 
0.0276 
0.0264 
0.0251 
0.0062 
0.0210 
0.0217 
0.0373 
0.0530 
0.0707 
0.0076 
0.1038 
0.0220 
0.0210 
0.0203 
0.0197 
0.0198 
0.019s 
0.0519 
0.0517 
0.0876 
0.0883 
0.0081 
0.0877 
0.0219 
0.0686 
0.0079 
0.0137 
0.0123 
0.0212 
0.0196 
0.0197 
0.0186 
0.0211 
0.0093 
0.0077 
0.0082 
0.0069 
0.0074 
0.0074 
0.0083 
0.0102 
0,0134 
0.0177 
0.0231 
0.0076 
0.0066 
0.0067 
0.0065 
0.0059 
0.0093 
0.0100 
0 .0090  
0.0177 
0.0168 
0.0170 
o.ora0 
0.0076 
0.0071 
-0.0350 
-0,0326 
-0.0572 
-0.0573 
-0.1050 
-0.1030 
-0.1 os0 
-0.1097 
-0. 100  1 
-0 .0441 
-0.0398 
-0.0371 
-0.0393 
-0.0891 
-0 .0092  
-0.0299 
-0.os10 
-0.0136 
-0.0982 
-0.1234 
-0.1484 
-0 ,0301  
-0.0287 
-0.0279 
-0.02'73 
-0.0269 
-0.0712 
-0.0107 
-0,1231 
-0.1237 
-0.1232 
-0,1240 
-0.0300 
-0.oa72 
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TABLE I V  .- Concluded 
L 
(l) C r , v t  = 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  +t = Oo; @t = Oo; a l t e r n a t e   i n t e r f a i r i n g  
M a, d e g  N P R  CL c D  'rn 
1 .zoo 
1.200 
1.201 
1.201 
1.201 
1.201 
1  .2Ol 
1.197 
1.204 
1.201 
1.201 
1.200 
1.202 
1.200 
1.201 
1.150 
1.148 
1.150 
o.nou 
0.940 
0.937 
0.901 
0.901 
0.900 
0.097 
0.899 
0.899 
0.898 
0.897 
0.901 
U.900 
0.899 
0.698 
0.900 
0.897 
-0.00 
-2.02 
2 . 0 0 0.02 
4.00 
5.98 
8.01 
0.00 
0.02 
0.01 
-0.01 
0.01 
3.99 
-0.02 
4.00 
-0.u1 
0.0u 
-0.Ilo 
-0.05 
-0.00 
-0.02 
0.01 
-0.03 
0.01 
u.01 
b . 0 0  
2.00 
R.on 
10.01 
-0.01 
-0.00 
-0.00 
0.00 
0.00 
-0.00 
0.938 
0.960 
0.934 
0.925 
0.931 
0.939 
0.916 
2.1719 
0.928 
b.OU8 
3.523 
10.032 
0.918 
6.005 
o.91n 
5.593 
0.936 
0.935 
1.051 
1.001 
u.304 
1 .os2 
1.ns1 
1.052 
1 .os0 
1.037 
1.OUR 
1 .nb2 
1.061 
1.052 
2.011 
3.500 
4.212 
0.009 
6.1705 
-0.0347 
-0.0087 
-0.0075 
0.0189 
0.0693 
0.0451 
0.0821 
-0.0087 
-0.ouq4 
-0,0090 
-0.0099 
-0 .n lo5  
-n.o102 
0.0431 
O . O U 4 9  
-0.0110 
-0.0099 
-0.9100 
-0,0037 
-0.0032 
-0 .0000 
-0.00 os 
-0.000r? 
0.0056 
0.0099 
0.0605 
U.0416 
-0.oooe 
-IJ.@O19 
-0.0011 
-0.0013 
-0,0012 
-0.0009 
-n.oou7 
0.0207 
M a , d e g  
0.~98 
0,900 
0.898 
0.900 
0.901 
0.900 
0.840 
0.901 
0.8U9 
0.847 
0.797 
0.002 
0.59U 
0.603 
0.602 
0.600 
0.598 
0.598 
0.597 
0.602 
0.602 
0.601 
0.601 
0.601 
0.602 
0.601 
0.599 
0.601 
0.601 
0.601 
0.599 
0 . 6 0 2  
0.601 
0.600 
u.00 
8.01 
3.99 
8.01 
8.00 
P.00 
-0.01 
0.01 
-0.01 
0.01 
-0.00 
0.01 
0.01 
-1.99 
-0.01 
1.99 
5.99 
4.01 
7.99 
-0.02 
9.99 
-0.00 
-0.00 
-0.01 
-0.00 
3.99 
0.00 
a.oo 
4.02 
7.99 
8.01 
0.00 
8.on 
0.04 
N P R  
. .  
u . 2 0 6  
1.029 
2.021 
1.053 
4.217 
7.980 
1 .044 
I .n52 
u.011 
l.UbI7 
1.050 
3.913 
1 .O31 
1.032 
1.032 
1.030 
1.030 
1.030 
1.031 
1.032 
2 . n l ~  
1.033 
3.39s 
6.n25 
3.907 
8.018 
3.405 
1.029 
1.030 
1.030 
2.008 
3.403 
7.998 
1.031 
c L  
o.no7e 
o.oun1 
o.n4ou 
-0.17023 
0.0094 
0.0391 
0.0407 
O.OU59 
0.0053 
0.0055 
0.01 I 1  
0.0101 
0.0115 
0.0003 
0.0119 
0.0234 
0.037U 
0.0519 
0.0671 
0 .oeoa 
0.0122 
0.01oc 
0.0095 
0.0095 
0.0083 
0.0075 
0.0350 
0.03UU 
U.0661 
0.065'4 
0.065e 
0.0653 
0.06U7 
0.0112 
'rn 
-0.0153 
-n .n leu  
-U.O6UU 
- 0 * ( l t 3 U  
-O.LJbS? 
-0.065 7 
0.001u 
-n.oopa 
- 0 . O O P 5  
-n.uoec 
- 0 . 0 1 5 ~  
-n . [~ luc l  
-0.01b2 
-0. l lnoc 
-0.0327 
-0.0523 
-11 .n l t7  
-0.0735 
-0 .09 t3  
- 0 . U l t 5  
-0.1177 
-0.OlUC 
-U.(,133 
-n.n12c 
-0.0133 
-0.045u 
-0.0111 
- 0 . 0 U 7 P  
-0 .0945 
-0.095c 
-0.09u2 
-0.0937 
-0.0932 
-0.11155 
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M 
1.203 
1 .200 
1.203 
1.202 
1.199 
1.200 
1.202 
1.199 
1 . zoo 
1 .zoo 
1.203 
1.201 
1 .zoo 
1.202 
1.203 
1 .200 
1 .202 
1,202 
1.151 
1.152 
l C l 5 1  
1.150 
1.150 
1,150 
0.939 
0.990 
0.937 
D.938 
0.991 
D.939 
0.899 
0.900 
0.898 
D.901 
D.899 
D.899 
D .  898 
D.900 
D.901 
D.899 
D .  899 
D.897 
D.898 
D.898 
1.904 
3.900 
1.897 
1.894 
3.901 
1.901 
) .900 
1.899 
) . 900  
TABLE V.- BASIC  FORCE  AND  MOMENT  DATA  FOR  CONFIGURATION WITH 
HORIZONTAL,  TAILS  AFT AND VERTICAL  TAILS  AFT 
(a) 
a , d e g   N P R  
-2.00 
0.00 
-0.02 
1.99 
4.02 
5.98 
8 . 0 0  
-0 .01 
-0 .01  
0.01 
-0.00 
0.01 
4.01 
9.01 
4.01 
3.99 
0.01 
-0.01 
0 .01  
-0.00 
0.01 
0.03 
0.01 
-0.00 
0.00 
0.01 
0.01 
-0.02 
-0.01 
-0.02 
- 2 . 0 0  
- 0 . 0 1  
2 . 0 0  
4.01 
6.01 
8.02 
- 0 . 0 0  
1 0 . 0 0  
- 0 . 0 0  
0.00 
- 0 . 0 3  
0.01 
-0.02 
4.02 
3.99 
8 . 0 0  
4.00 
0.01 
0.02 
7.99 
8.00 
8 . 0 0  
4.01 
0.883 
0.894 
0.081 
0.871 
0.855 
0 862 
0.838 
0.879 
2.051 
5.982 
).SO0 
10.054 
0 .e55 
3.484 
1,.993 
6.000 
10.010 
0.873 
0.889 
2.083 
3.179 
5.591 
9.916 
0.886 
2,008 
1.079 
3,510 
4.313 
1.996 
1.078 
1 .Ob4 
1.071 
1 .Ob5 
1 .Ob0 
1.061 
1.056 
1 .os0 
1  .os4 
2.005 
1.065 
3.515 
5.991 
4.107 
8.003 
1 .OS7 
1.980 
3.S13 
4.208 
5.984 
8.030 
1 .048 
3.501 
1.999 
crlVt = 24.38 cm;  symmetrical  vertical-tail  airfoil; 
@& = 00; basic  interfairing 
L 
c L  
-0.0155 
-0.0391 
-0.0157 
0.0098 
0.0535 
0.0357 
-0.01b8 
0.074C 
-0.0169 
-0.0161 
-0.0162 
-0.0158 
0.0354 
0.0351 
0.0351 
0.0341 
0.0347 
-0.0166 
-0.0152 
-0.0150 
-0.0150 
-0.0144 
-0,0150 
-0.0151 
0.0051 
0.0065 
0.0064 
0.0061 
0.0063 
0.0049 
-0.0010 
-0.0047 
-0.0007 
0.0041 
0.0112 
0.0196 
0.0367 
0 0592 
-0.0019 
-0.0013 
-0.0006 
-0.0004 
-0.0004 
-0.0005 
0.0086 
0.0105 
0.0113 
0.0123 
0.0113 
0.0354 
0.0115 
0.0371 
0.0360 
CD 
0.0239 
0.0256 
0.0240 
0.0243 
0.0290 
0.02613 
0.0342 
0.6242 
0.0235 
0.0241 
0.0204 
01022.7 
0.0061 
0.0254 
0.0260 
0.0248 
0. 022s 
0.0238 
0.0233 
0 . 0 m 3  
0 0258 
0.0250 
0 .  0222 
0.0293 
O.01b7 
0.0098 
0.0101 
0.0101 
0.0087 
0.0115 
0.0104 
0.0103 
0.0103 
0.0103 
0.0121 
0.0109 
0.0150 
0.0202 
0.0088 
0.0103 
0.0090 
0.0089 
0.0084 
0.0077 
0.0107 
0.0094 
0.0097 
0.0093 
0.0086 
0.0148 
0.0137 
0.0139 
0.0697 
I$ = 00; t 
C m  
0.021  1 
-0.0134 
0.02l ' l  
-0.0486 
-0.0730 
-0.1ouo 
0.0221 
0.0229 
0 02 1.7 
O.OP20 
0.0212 
-0.0483 
-0.0480 
-0.0477 
-0.0461 
-0.0471 
0.0225 
0.0202 
0.0200 
0.0200 
0.01?& 
0.0197 
0.0204 
-0.OY36 
-0.0139 
-0.0160 
-0.0156 
-0.0L64 
-0 .0137 
o.osau 
- 0 . 0 ~  
0.0826 
-0.0115 
-0.0039 
-0.0210 
-6.0623 
-0 .0930  
-0,0021 
-0.0033 
-0.00113 
-0.0047 
-0.0050 
-0.0048 
-0.02Z8 
-0.0239 
-0.0247 
-0.0213 
-0.0604 
-0.0625 
-0.0617 
- 0 . 0 3 7 ~  
-o.ozoe 
-0.oa50 
M 
0.899 
0.901 
0.897 
0.901 
0.851 
0. 850 
0.851 
0.852 
0.852 
0.854 
0.852 
0.853 
0.800 
0.798 
0.799 
0.805 
0,799 
0.799 
0.799 
0.660 
0,600 
0.600 
0.600 
0.600 
0.599 
0.600 
0,600 
0,602 
0.598 
0.598 
0.602 
0.598 
0.601 
0.599 
0.599 
0,601 
0.600 
0.601 
O.CO0 
0.600 
0.601 
O.LO2 
0.600 
0.599 
0.600 
0.600 
0.600 
0.601 
0,599 
0.600 
0.199 
0.602 
0.601 
0,601 
0.602 
a , d e g   N P R   C L  C D  Cm 
1.99 
8 . 0 0  
-0 .01 
8 . 0 0  
0.00  
0.01 
0.02 
0.02  
-0 .00  
-0 .01 
-0.02 
-0 .02 
-0.01 
-0.02 
-0.02 
0 . 0 0  
0 . 0 0  
0.01 
-0.01 
0.01 
-2.01 
2.00 
0.02 
4.00 
6.02 
8 . 0 0  
-0.02 
10.00 
-0. 05 
-2.01 
-0.02 
2.02 
3.99 
5.99 
7.95 
-0.01 
9.98 
-0.01 
-0.02 
-0.00 
-0.01 
-0.01 
3.97 
3.98 
4.00 
4.00 
9.00 
3.98 
8.02 
7.99 
8.00 
8.00 
8.00 
7.99 
-0.07 
4.196 
6.005 
1.973 
b.061 
2.001 
1 .Ob3 
3.477 
3.499 
4,006 
8.046 
8.026 
1.061 
1.060 
1 . O W  
1.997 
4.992 
3.908 
8.004 
1 .OS6 
1.032 
1.034 
1.032 
1.033 
1.031 
1.030 
1.030 
1.029 
1.033 
1.054 
1.035 
1.035 
1.034 
1.035 
1.035 
1.034 
1.036 
2.036 
1.035 
3.414 
3.982 
6.005 
8.049 
a.033 
1.034 
3.400 
4.016 
5.994 
8.017 
1.033 
2.619 
3.400 
4.021 
6.000 
8.027 
1.034 
0.0370 
0.0376 
-0.0027 
0,0028 
0.0021 
0.0031 
0.0026 
0.0028 
0.0020 
0.0023 
0.0020 
0.0047 
0.0047 
0.0042 
0.0045 
0.0046 
0.0040 
0.0047 
0.0080 
-0.0033 
0.0083 
0.0199 
0.0316 
0.0461 
0.0601 
0.0762 
0.0077 
0 . 0 ~ 4 4  
0.0021 
0.0141 
0.0260 
0.0387 
O.OSZ5 
0.0666 
0.0817 
0.0131 
0.0128 
0.0125 
0.0118 
0.0113 
0.0107 
0.0373 
0.0363 
0.03b8 
0.0370 
0.0368 
0.0360 
0 0664 
0 .0661  
0.0661 
0.0666 
0 0665 
0.0138 
0 0662 
0 . 0 3 ~  
0.0140 
0.0136 
0.0131 
0.0104 
0.0101 
0.0086 
6.0088 
0 . 0 0 8 8  
0.0087 
0.0076 
0.0075 
0 .0098  
0.0095 
0.0096 
0.0084 
0.0083 
0.00@6 
0.0074 
0.0097 
0.0090 
0.0093 
0.0095 
0.0091 
0.0106 
0.0128 
0.6205 
0.0159 
0.0092 
0.0091 
0.0091 
0.0090 
0.0095 
0.0107 
0.0130 
0.0162 
0.0209 
0.0090 
0.0078 
0.007,9 
0.0078 
0.0073 
0.0067 
0.0104 
0.0095 
0.0098 
0 O O W  
0.0086 
0.0162 
0.0152 
0.0155 
0.01s4 
0.0119 
0.0143 
6.0089 
0.0093 
-0.062C 
-0.0638 
-0.0667 
-0.0005 
-0.0074 
-0,0086 
-0.007.9 
-0.0080 
-0.0074 
-0.0074 
-0.6073 
-0.0103 
-0,0097 
-0.0103 
- 0 . 0 1 0 ~  
-0.0102 
-0.0099 
-0.0104 
-0.0140 
0,0019 
-0.0310 
-0.0144 
-0.0180 
-0.0696 
- 0 . l l Y 3  
-0.0906 
-0.01'35 
-0.0229 
-0 .0059  
-0 ,0395 
-0.0578 
-0.0765 
-0.0996 
-0 ,1231  
-0.02l.5 
-0.0204 
-0.0197 
-0.0191 
-0.0185 
-0.0559 
-0.0503 
-0.0549 
-0.0552 
-0.0550 
-O.O¶UO 
-0.0992 
-0.0985 
-0.0990, 
-0.0995 
-0.099u 
-0 .0991 
-0.0218 
- 0 . 0 0 7 ~  
-0.02as 
- o . o z o c  
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TABLE V.- Continued 
( b )  C r , v t  = 28.19 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
t J, = 0 ' ;  @t = Oo; b a s i c   i n t e r f a i r i n g  
M a , d e g   N P R  C L  C D  cln 
1.198 
1.202 
1.200 
1.201 
1.201 
1.200 
1.195 
1.202 
1.201 
1.200 
1.201 
1.201 
1.202 
&.200 
1.200 
1.200 
1.200 
1 .LO2 
1.201 
1.200 
1.149 
1.149 
1.152 
1.150 
1.152 
1.151 
0.941 
0.941 
0.940 
0.943 
0.940 
0.939 
0.902 
0.901 
0.901 
0.899 
0.901 
0.899 
0.898 
0.898 
0.900 
0.900 
0.901 
0.903 
0.903 
0.897 
0.900 
0.902 
-0.01 
-2.03 
-0.02 
1.99 
3.98 
5.98 
7.98 
7.99 
-0.01 
-0.00 
0.01 
0.01 
-0.03 
3.97 
3.99 
3.97 
3.98 
3.99 
-0.01 
3.98 
-0.02 
-0.01 
-0.01 
0.00 
-0.02 
-0.02 
-0.02 
-0.02 
-0.01 
-0.01 
-0.02 
-0.01 
-0.01 
-2.03 
-0.02 
2.00 
3.97 
6.00 
7.98 
9.98 
-0.01 
-0.03 
-0.01 
-0.03 
-0.03 
-0.03 
3.96 
3.98 
0.874 
0.883 
0.867 
6.854 
0.854 
0,851 
0.832 
0.832 
0.859 
1.995 
3.491 
5.975 
9.985 
2,022 
0,845 
6.008 
3.552 
10.063 
10.012 
0.857 
0.870 
2.004 
3.487 
9.977 
0.869 
1.076 
1.999 
3.082 
4.309 
7.982 
1.071 
1.074 
1.071 
1.077 
1.664 
1 .Ob3 
1,046 
1 .Ob0 
1.052 
2.024 
1.063 
3.500 
4.218 
6.015 
7.972 
2.008 
1.052 
5,632 
-0.0141 
-0.0377 
-0.0150 
0.0090 
0.0532 
0.0333 
0.0729 
0.0729 
-0.0160 
-0.0161 
-0.0160 
-0.0154 
-0.0154 
0.0343 
0.0336 
0 . 0 3 3 8  
0.0336 
0.0343 
0.0339 
-0.0193 
-0.0132 
-0.0127 
-0.0127 
-0.0127 
-0,0123 
-0.0128 
0.0030 
0.0034 
0.0034 
0.0032 
0.0036 
0.0061 
0.0027 
0.0019 
0.0014 
0.0185 
0.0117 
0.0477 
0,0295 
0.0050 
0.0053 
0.0050 
0.0054 
0.0052 
0.0052 
0.0167 
0.0165 
0.0680 
0.0239 
0.0238 
0.0293 
0.0264 
0.0245 
0.0342 
0.0343 
0.0202 
0.0235 
0.0241 
0.0227 
0 0266 
0.0204 
0 .  OZSb 
0.0262 
0.0249 
0.0293 
0. o2a5 
o 02a5 
0.0240 
0.0261 
0.0255 
0.0262 
0.0252 
0.0223 
0.0113 
0.0260 
0.0092 
0.0096 
0.0096 
0.0081 
0.0109 
0.0104 
0.0104 
0.0104 
0.0106 
0,0116 
O.'O165 
0.0216 
0.0105 
0.0088 
0.0091 
0.0069 
0.6084 
0.611'3 
0.0076 
0.0098 
0.0133 
0.0187 
0.0501 
0.0197 
-0.0462 
-0.OP30 
-0.0739 
-0.1o2e 
-0.1033 
0.0211 
0.0215 
0.0212 
0.0205 
-0.09?3 
0.0204 
-0.0459 
-0.0465 
-0.0160 
-0.OU65 
-0.0970 
0.0206 
0.0167 
O.OlC3 
0.016Q 
0.0163 
0.0152 
-0.0117 
0.0166 
-0.012Q 
-0.0125 
-0.01'31 
-0.0123 
-0.0148 
-0,0112 
-0.OOdZ 
-0.0151 
-0.0356 
-0,0231 
-0,0529 
-0.0785 
-0.1049 
-0,0126 
-0.0112 
-0.OE31 
-0.0133 
-0.0137 
-0.0157 
-0.0321 
-0.0320 
M 
0.900 
0.900 
0.899 
0.900 
0.903 
0,898 
0.899 
0.900 
0.900 
0.900 
0,901 
0,850 
0.849 
0.849 
0.853 
0.850 
0.850 
0,800 
0,801 
0.800 
0.801 
0.801 
0,801 
0.598 
0.599 
0.602 
0.602 
0.602 
0.601 
0,600 
0.599 
0.601 
0.601 
0.600 
0.601 
0.COO 
0.601 
0.600 
0.599 
0.600 
0.598 
0.599 
0.598 
0.999 
0.598 
0 , 6 0 0  
0,600 
0.600 
0.602 
.. 
0.599 
a ,  deg 
____ 
3.98 
3.96 
3.99 
3.97 
7.99 
7.98 
7.97 
7.99 
7.91 
7.98 
-0.04 
-0.01 
0.00 
-0.01 
-0.01 
-0.03 
-0.01 
-0.03 
-0.04 
-0.02 
-0.02 
-0.00 
-0.02 
-0.03 
-2.01 
-0.03 
2.00 
3.97 
5.99 
7.98 
-0.01 
10.01 
-0 .00 
-0.01 
-0 .00  
-0.01 
-0.01 
3.90 
3.99 
3.99 
3.99 
3.98 
3.98 
7.99 
7.99 
8 . 0 0  
7.99 
7.97 
7.99 
-0.00 
N P R  
3.515 
5.993 
4,226 
8,001 
1 .044 
2.030 
3.520 
4.226 
6,006 
7.981 
1 .Ob1 
2.006 
1,060 
3.479 
4.007 
8.02b 
1 .OSb 
1 .OS9 
1.999 
3.887 
5.018 
8.002 
1 .os4 
1..029 
1.031 
1.030 
1.029 
1.029 
1.028 
1 .OZ7 
1.028 
1.031 
2;018 
3.408 
4,015 
6.045 
7.985 
1.028 
3.403 
1.996 
6.003 
4.008 
7.989 
1.025 
1.985 
3.383 
6.001 
3.975 
8.031 
1.029 
~~ . 
c L  
0.0173 
0.0175 
0.0176 
0.0174 
0.0434 
0.0469 
0.04b8 
O.OU81 
0.0034 
0.0493 
0.0076 
0.0075 
0.0076 
0.0073 
0.0072 
0.0071 
0.0092 
0.0081 
0.0066 
0.0084 
0.0089 
0.0079 
0.0129 
0.0018 
0.0133 
0.OJ68 
0.05t3 
0.0658 
0.0819 
0.0113 
0.0115 
0.0125 
0.0117 
0.0108 
0.0110 
0.0358 
0.0351 
0.0355 
0.0351 
0.0355 
0.0347 
0.0658 
0.0660 
0.0665 
0.0670 
0.0666 
0.0667 
0.0138 
0.0863 
0.0244 
c D  
0.0102 
0.0101 
0.0096 
0.0089 
0.0158 
0.0147 
0.0150 
0.0149 
0.0145 
0.0139 
0.0101 
0.0099 
0.0086 
0.0084 
0.0073 
0.0086 
0.0096 
0.0095 
0.0084 
0.0082 
0,0081 
0.0071 
0.0095 
0.0088 
0.0089 
0.0089 
0.0095 
0.0104 
0.0164 
0.0131 
0.0091 
0.0213 
0.0080 
0.0082 
0.0081 
0.0075 
0.0105 
0.6069 
0.0097 
0.0099 
0.0095 
0.0099 
0.0088 
0.0164 
0.0158 
O.OlS4 
0.0198 
0.0152 
0.0196 
0.0092 
C m 
-0,0333 
-0.0342 
-0.0337 
-0.03YO 
-0.0762 
-0.0773 
-0.0792 
-0.0807 
-0.0102 
-0.0152 
-0,0152 
-0,0155 
-0.0193 
-0.01.52 
-0.0146 
-0,0171 
-0,0159 
-0.0164 
-0.0193 
-0.01¶8 
-0.0167 
-0 .oa08  
-0.0052 
-0.021.3 
-0.0372 
-0.0992 
-0,0770 
-0,0992 
-0.1293 
-0.0212 
-0.0202 
-6.0204 
-0.0194 
-0,0187 
-0.0185 
-0.0939 
-0.0528 
-0.0934 
-0.0537 
-0.0531 
-0.0993 
-0.0993 
-0.1001 
-0.1010 
-0.1009 
-0.1009 
-0.021.7 
-o.onc 
-0.0774 
-0.052~ 
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TABLE V.- Concluded 
" 
M 
1.198 
1.201 
1.199 
1.199 
1.199 
1.204 
1.201 
1.200 
1.200 
1.201 
1 .200 
1.199 
1.201 
1,201 
1,200 
1.150 
1.151 
1.148 
0.940 
0.942 
0.900 
0.898 
0.900 
0.903 
0.900 
0.899 
0,898 
0.898 
0,902 
0.901 
0.901 
0.902 
0.899 
0,900 
a ,  d e g  
-2.u1 
-0.u1 
-0.01 
2.00 
3.99 
6.01 
8.00 
-0.00 
0.01 
-0.01 
0.00 
0.03 
4.02 
3.96 
0.00 
0.01 
-0.00 
-0.00 
-0.00 
-0.02 
-1.99 
0.00 
2.00 
4.03 
5.99 
8 . 0 0  
-0.02 
9.99 
-0.00 
-0.00 
0.01 
0.01 
0.00 
- 0 . 0 0  
( C )  
N P R  
0.871 
0.881 
0.869 
0.862 
0;asa 
0,851 
0.840 
2.002 
0.871 
3.s23 
6 . 0 0 8  
9.944 
0.854 
5.978 
0.865 
5.609 
0.881 
0.879 
4.301 
1.066 
1.054 
1,041 
1.050 
1 .OS7 
1.049 
1.054 
1 .os4 
1 .OS9 
1.049 
1.998 
3.191 
4.177 
6.015 
8.004 
C, "+ = 24.38 c m ;  s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
L, V L  +t = Oo ; $t = Oo ; a l t e r n a t e  i n t e r f a i r i n g  
CL 
-0,0165 
-0,0390 
-0.0165 
0.0077 
0.0565 
0.0313 
0.0714 
-0.0175 
-0.0173 
-0.0173 
-0.0169 
-0.0170 
0.0324 
0.0313 
-0.0165 
-0.0174 
-0.0162 
-0.0163 
-0.0073 
-0,0071 
-0.0036 
-0.0071 
-0,0034 
0.0011 
0.0166 
0.0065 
0.0359 
-0.0039 
0.0568 
-0.0039 
-0.0039 
-0.0041 
-0.0038 
-0.0040 
C D  
0.0272 
0.0258 
0.0259 
0 . 0 2 6 2  
0.0315 
0.0281 
0.0358 
0.0261 
0.0251 
0.0243 
0 .0256  
0.0220 
0.0281 
0.0262 
0.0217 
0.0266 
0.0277 
0.01 14 
0.0104 
0.0102 
0.0105 
0.0107 
0.0125 
0 . 0 1 t 5  
0.0156 
0.0203 
0.0106 
0.0093 
n. 0258 
0.0107 
0.0097 
0.0097 
0.0092 
0.0084 
'rn 
0. 022c 
0.0524 
0.0224 
-0.01om 
-0.0776 
-0.0421 
-0.0995 
0.023s 
0.0232 
0.0286 
0.0231 
-0.0404 
0.022.9 
-0.04a9 
0.0235 
o.o21e 
0.0213 
0.0218 
0.0044 
0.0038 
0.0001 
-0 .0001  
0.0060 
-0.0071 
-0,0332 
-0.017.7 
-0,0603 
-0,0896 
0.0010 
0.0009 
0.0010 
0.0011 
0.0006 
0.0007 
M 
0.897 
0.896 
0.899 
0,899 
0.899 
0.903 
0.850 
0,852 
0.801 
0.801 
0.599 
0.601 
0,602 
0.600 
0.600 
0,599 
0.600 
0.599 
0,600 
0.598 
0.602 
0.602 
0 , 6 0 2  
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(a) w i n - t a i l  i n t e r f e r e n c e  model and wing-tip support system. 
Figure 1.- Model sketches.  A l l  dimensions are in   cen t ime te r s   un le s s  
otherwise noted. 
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Figure 1 .- Continued. 
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(c) Dry power nozzle. 
Figure 1 .- Continued. 
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Figure 1 .- Continued. 
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f- 
Center of vertical-tail  rotation 
FS 120.04 about the midpoint of t h e  root 
View A-A 
" 
A 
( e )  Vertical-tail  toe angle and cant angle definit ion and sign convention. 
Figure 1 .- Continued. 
Symmetrical  and Cambered 
Vertical-Tail Geometry 
Symmetrical  airfoil  sections 
t i p  ...................................... NACA 64603.5 
root  NACA 64605 ....................................... 
Cambered airfoil  sections 
t ip  ...................................... NACA 64-203.5 
Taper ratio .......................................... .375 
Tail height (rod to tip). cm .......................... 25.40 
Leadingedge sweepback, deg .......................... 3.52  
rool ....................................... NACA 64-205 
Tip  chord. cm ....................................... 9.14 
Root  chord, cm ..................................... 24.38 
Planform area (one side exposed, f i l l e r  excluded), m2.. . W 6  
Aspect ratio (exposed. f i l l e r  excluded) ................. 1.514 
t 
Distances from model centerline 
vary  s l ight ly   wi lh   ta i l   lmt ion 
I 
1 
(f) Symmetrical  and cambered short-root-chord twin-vertical-tail  geometry. 
Figure 1 .- Continued. 
Vertical-Tail  Geometv 
Air fo i l   sect ions 
t i p . .  ...................................... NACA 64-CO3.5 
root ......................................... NACA 64-005 
Tip  chord, cm ........................................ 5.33 
Root chord,  cm ....................................... 28.19 
Taper  atio ............................................ ,189 
Ta i l  he igh t  l rmt  to t ipi ,  cm ........................... 25.40 
Aspect rat io (exposed, fil ler  xclud d) 1.514 
Planform  area  (one side exposed. f i l le r  excluded), m2 ,0426 
Leading-edge  sweepback, deg .......................... 45. W 
... 
.................. 
2 
t 
Distances from model centerline 
vary  sl ightly  with  tai l   location I Model 
(9)  Symmetrical  long-root-chord  twin-vertical-tail  geometry. 
Figure 1 .- Continued. 
Horizontal-Tail Geometry 
Ai r fo i l  sect ions 
t i p  ....................................... NACA 64-002.5 
root ...................................... NACA 64-005.5 
Tip chord, cm ........................................ 5.08 
R w t  c h o r d ,  c m  ...................................... 28.96 
Taper  at io .......................................... ,175 
Span, cm 
Forward   on   body .  .................................. 69.09 
Forward  on  booms 73.21 
A f t   o n  body  67.51 
M i d   o n  body ....................................... 68.58 
Af t   on   booms .................................. . 2 . .  . 73.09 
P lan fo rm a reabne  s ide  exposed, f i l ler  excludedl ,  m ... .0372 
Aspect ratio (exposed, fi l ler excluded) ................. 2.564 
........................................ 
.................................. 
Leading-edge  sweepback,  deg ........................ 50.0 
Distance from'model center l ine 
var ies  s l ight ly   wi th   ta i l   locat ion 
I 
I_ 28.96  each  ta i l   locat ion 
84 
f 
- - t - 
( h )  Horizontal-tail  geometry. 
Figure 1 .- Continued. 
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Alternate interfairing 
( i )  Basic and  a l te rna te  engine  in te r fa i r ing  contours .  
Figure 1 .- Continued, 
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( j )  Afterbody  cross   sect ions.   (Note  that  a l l  c ros s   s ec t ions   ou tboa rd  
of t h e  n o z z l e  c e n t e r l i n e  are i d e n t i c a l . )  
F igu re  1 .- Concluded. 
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L-81-6971 
( a )  Model and wing-tip support system. 
Figure 2.- Photographs of twin-engine t a i l  i n t e r f e r e n c e  model i n s t a l l e d  
in the Langley 16-Foot Transonic Tunnel. 
(b)  Afterbody. 
Figure 2. - Concluded. 
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( a )  Symmetrical  and  cambered  twin v e r t i c a l  tai ls;  shor t  roo t  chord ;  bas ic  in te r fa i r ing ,  
Figure 3. -  Normal area d i s t r i b u t i o n  f o r  v a r i o u s  model  components. Amax = 475.09 cm ; 
I = 174.74 cm. 
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( b )  Symmetrical twin  v e r t i c a l  t a i l s ;  long root  chord ;  bas ic  in te r fa i r ing .  
Figure 3 . -  Continued. 
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(c) Horizontal  t a i l s ;  b a s i c  i n t e r f a i r i n g .  
Figure 3.- Continued. 
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(d )  Engine i n t e r f a i r i n g .  
Figure 3. -  Concluded. 
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Figure 4.- Typical va r i a t ion  o f  nozz le  p re s su re  r a t io  wi th  Mach number 
f o r  a turbofan engine.  
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( a )  T o t a l  a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 5.- E f f e c t  of tw in -ve r t i ca l - t a i l  t oe  ang le  on a f t - e n d  c h a r a c t e r i s t i c s  for 
scheduled NPR. H o r i z o n t a l   t a i l s  fwd; s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  fwd; 
s y m m e t r i c a l   v e r t i c a l - t a i l   a i r f o i l ;  4t = Oo; b a s i c   i n t e r f a i r i n g .  
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(b) Aft-end drag-coeff ic ient  components  and t a i l  i n t e r f e r e n c e -  
drag-coef f ic ien t   increments ;  a = Oo. 
Figure 5.- Concluded. 
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( a )  Total a f t - e n d  l i f t  a n d  d r a g  c o e f f i c i e n t s .  
Figure 6.- E f f e c t  o f  t w i n - v e r t i c a l - t a i l  t o e  a n g l e  o n  a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. Horizontal  tails a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l  tails fwd; 
symmetrical v e r t i c a l - t a i l  a i r f o i l ;  @t = Oo; b a s i c   i n t e r f a i r i n g .  
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(b) Aft-end  drag-coefficient  components  and t a i l  i n t e r f e rence -  
drag-coef f ic ien t   increments ;  a = Oo . 
Figure  6.- Concluded. 
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(a)  Total  af  t -end l i f t  and  d rag  coe f f i c i en t s  . 
Figure 7.- E f f e c t  of tw in -ve r t i ca l - t a i l  t oe  ang le  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  mid; 
s y m m e t r i c a l   v e r t i c a l - t a i l   a i r f o i l ;  @t = Oo; b a s i c   i n t e r f a i r i n g .  
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(b) Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e r e n c e -  
drag-coef f ic ien t   increments ;  a = O o .  
Figure 7 .- Concluded. 
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( a )  T o t a l  a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 8.- E f f e c t  of t w i n - v e r t i c a l - t a i l  c a n t  a n g l e  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  fwd; 
s y m m e t r i c a l   v e r t i c a l - t a i l   a i r f o i l ;  3, = Oo; b a s i c   i n t e r f a i r i n g .  t 
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( b )  Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e r e n c e -  
d rag -coe f f  i c i en t  i nc remen t s ;  a = Oo . 
Figure 8 .- Concluded . 
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( a )  T o t a l  a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 9.- E f f e c t  of t w i n - v e r t i c a l - t a i l  c a n t  a n g l e  o n  a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. Hor izonta l  tai ls  a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l  ta i ls  mid; 
s y m m e t r i c a l   v e r t i c a l - t a i l  a i r fo i l ;  Gt = Oo; b a s i c   i n t e r f a i r i n g .  
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(b) Aft-end d r a g - c o e f f i c i e n t  components  and t a i l  i n t e r f e r e n c e -  
drag-coef f ic ien t   increments ;  a = O o .  
Figure 9 .- Concluded. 
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( a )  Total a f t - e n d  l i f t  and  drag  coef f ic ien ts .  
Figure 10.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. Hor izonta l  tails a f t ;  s h o r t - r o o t - c h o r d  v e r t i c a l  t a i l s  fwd; 
Jzt = Oo; $t = Oo; b a s i c  i n t e r f a i r i n g .  
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(b) Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e r e n c e -  
drag-coef f ic ien t   increments ;  a = Oo. 
Figure 1 0  .- Concluded . 
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( a )  T o t a l  a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 11.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber on a f t - e n d  c h a r a c t e r i s t i c s  € o r  
scheduled NPR. Hor izonta l  tai ls  a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  fwd; 
(I, = Oo; $t = - I O o ;  b a s i c   i n t e r f a i r i n g .  t 
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(h) Aft-end d r a g - c o e f f i c i e i n t  components  and t a i l  i n t e r f e r e n c e -  
drag-coef f ic ien t   increments ;  a = Oo . 
Figure 1 1 .- Concluded. 
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( a )  T o t a l  a f t - e n d  lift and  d rag  coe f f i c i en t s .  
Figure 12.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  fwd; 
+t = O o ;  @t = 20°;  b a s i c   i n t e r f a i r i n g .  
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(b) Aft-end drag-coefficient  components and tail interference- 
drag-coefficient  increments; a = O o .  
Figure 1 2 .- Concluded. 
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( a )  Total a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 13.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. Horizonta l  tails a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l  tails mid; 
(L, = Oo; = O o ;  b a s i c   i n t e r f a i r i n g .  
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( b )  Aft-end d rag -coe f f i c i en t  components  and t a i l  in t e r f e rence -  
drag-coef f ic ien t   increments ;  a = Oo . 
Figure 1 3 .- Concluded . 
84 
.04 
.03 
.02 
. 01 
0 
cD 
.04 
.03 
.02 
I 
. 01 
0 
.6 . 8  1.0  1.2 
M 
a=OO 
cL 
0 symmetrical 
0 camber  inboard 
12 
.08 
.04 
0 
-. 04 
. 12 
.08 
.04 
0 
.04 
. 6  . 8  1.0  1.2 
M 
( a )  Tbtal a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 14.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. H o r i z o n t a l  t a i l s  a f t ;  s h o r t - r o o t - c h o r d  v e r t i c a l  t a i l s  mid; 
Gt = O o ;  = I O o ;  b a s i c  i n t e r f a i r i n g .  
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(b) Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e rence -  
d rag -coe f f  i c i en t  i nc remen t s ;  a = Oo . 
Figure 1 4 .- Concluded . 
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( a )  T o t a l  a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 15.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l  tai ls  mid; 
J, = Oo; $t = 20°; b a s i c   i n t e r f a i r i n g .  t 
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(b) Aft-end  drag-coefficient  components  and t a i l  i n t e r f e rence -  
drag-coef f ic ien t   increments ;  a = Oo . 
Figure 1 5 .- Concluded. 
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( a )  T o t a l  a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 16.- E f f e c t  of tw in -ve r t i ca l - t a i l  roo t - chord  l eng th  on a f t - e n d  c h a r a c t e r i s t i c s  
for  scheduled NPR. Hor izonta l  ta i ls  fwd; v e r t i c a l  t a i l s  fwd; symmetrical 
v e r t i c a l - t a i l   a i r f o i l ;  Qt = Oo; 4 = Oo; b a s i c   i n t e r f a i r i n g .  t 
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(b) Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e rence -  
drag-coef f ic ien t   increments ;  a = Oo. 
Figure 16  .- Concluded. 
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( a )  Total af t-end l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 17.- E f f e c t  of tw in -ve r t i ca l - t a i l  roo t - chord  l eng th  on a f t - e n d  c h a r a c t e r i s t i c s  
for   scheduled NPR. Horizonta l  tails a f t ;  v e r t i c a l  tai ls  fwd;  symmetrical 
v e r t i c a l - t a i l  a i r f o i l ;  +t = Oo; @ t = Oo; b a s i c  i n t e r f a i r i n g .  
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( b )  Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e rence -  
drag-coef f ic ien t   increments ;  a = O o .  
Figure 1 7  .- Concluded. 
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( a )  Total a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 18.- E f f e c t  of tw in -ve r t i ca l - t a i l  roo t - chord  l eng th  on a f t - e n d  c h a r a c t e r i s t i c s  
for  scheduled NPR. H o r i z o n t a l   t a i l s   a f t ;   v e r t i c a l   t a i l s   a f t ;   s y m m e t r i c a l  
v e r t i c a l - t a i l   a i r f o i l ;  Gt = Oo; 0, = O o ;  b a s i c   i n t e r f a i r i n g .  
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(b) Aft-end  drag-coefficient  components  and t a i l  in t e r f e rence -  
drag-coef f ic ien t   increments ;  a = Oo. 
Figure 1 8  .- Concluded. 
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( a )  T o t a l  a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 19.- E f f e c t  of e n g i n e  i n t e r f a i r i n g  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  s c h e d u l e d  
NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  fwd;  symmetrical 
v e r t i c a l - t a i l   a i r f o i l ;  $t = Oo; I$ = Oo. t 
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(b) Aft-end  drag-coeff ic ient  
components; a = Oo . 
Figure 19  .- Concluded. 
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( a )  ' I b t a l  a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 20.- E f f e c t  of e n g i n e  i n t e r f a i r i n g  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  s c h e d u l e d  
NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l  ta i ls  mid; Symmetrical 
v e r t i c a l - t a i l   a i r f o i l ;  J, = Oo; 4 = Oo. t t 
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(b) Aft-end  drag-coeff ic ient  
components; a = Oo . 
Figure 20.- Concluded. 
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( a )  Total a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 21.- E f f e c t  of e n g i n e  i n t e r f a i r i n g  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  s c h e d u l e d  
NPR. Hor izonta l  tai ls  a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s   a f t ;   s y m m e t r i c a l  
v e r t i c a l - t a i l  a i r f o i l ;  Qt = O o ;  4 t = Oo. 
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components; a = Oo . 
Figure 21 .- Concluded. 
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Figure 22.- Summary of t he  e f f ec t s  of twin-vert ical- ta i l  toe  angle  on to t a l  a f t - end  
drag  character is t ics   for   scheduled NPR. Shor t - root -chord   ver t ica l   t a i l s ;  
symmet r i ca l   ve r t i ca l - t a i l   a i r fo i l ;  = Oo;  b a s i c   i n t e r f a i r i n g .  
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